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FOR ELECTRONIC PARTS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control a coupling direction 
of a ferroelectric insulation film, restrict mutual operation 
with an electric field and restrict a deterioration in an 
induced electricity due to the electric field, by a method 
wherein simulation resultants, based on molecular dynamics 
and fluid models, are utilized for other simulations. 
SOLUTION: In a process fluctuation calculation unit I, 
macro-property not taking into consideration fundamentally 
an atomic level is calculated, and is stored in a file 2. In file 
contents, a coupling angle of an interatomic position vector 
calculated in a molecular dynamics simulation II is inputted 
to a film characteristic calculation unit III, and a fundamental 
film characteristic is calculated therein and returned to a 
file 3. The fundamental film characteristic calculated in the 
film characteristic calculation unit III is also returned to the 
process fluctuation calculation unit I as a part of 
parameters. The molecular dynamics simulation II is 
executed in combination with a molecular dynamics method 
and a density function. As a result, it is possible to progress 

a semiconductor manufacturing process according to a desirable process, or with amendments 
without a test piece. 
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y * v tz s ft^m^ *m tt<o^ 

6 3 &7eR!ffl* k mif Ss£*^e f^i^ V ^X'fifrti h is 
5 aU-^g y*SJftk LTttiT^ftft 3&tcWIS<D^ 
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ifiEi!iia* 5 '?F#gT'$>ft^^«i. ^p°pk LT5aa-rft 
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a**«?ixft£k&#ak-tftif*«l 2t:IE««0 
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x>" S'-v ^T'£> 4-T4.Ifc£#®fc-r4 fi** 5 2 (cfB 

[1***5 4] flff BUSiffljtfT yytMBKS^f 
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[0004] 2 5 6 MfcifirS k , fi«^3iffl^, MM 
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[0005] 01 29tc^-TJ:3t^ 
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[0006] itz. 1G7?XM.±X\ UStlX 

ii^^Kc^ztit. &xmzt5^xmmw&Mmzj:& 
ttmuwtf&mztc ^x<&ztx'hh. mux. ^ 

%mx-hh. mtx-ii. zti^zk^^Lx. m^t 
msx-\thhimL^m^b ix , 0 1 3 0 t^-rj: a 

*^5X^fl:L^|8S«jt**i«K3nTV^. ZW7 
ikLTtScSI^'C**?. 01 3 0*»fefc 
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[0009] fed ^LlfWK'At^S . 

[0 0 10] iti£>c0tf&£K#LJ:3 k L-T, *3fi? 
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«*4*««ias<iaJLfc. flitf* ny ( l l l ) 

ffi±ti4, Kft-fe U T>ACe0 2 ##SMnJSJM-S £ fc 
J.Appl.Phys. ,Aol. 69(12), p6313(1991)(CffiSS<X 

#«fl^£JWSftjRSi- £ i k **, Japan. J. A PP 1 . Phys. 
Suppl . , Aol . 21-1 , p187 (1982) t$6&$ tlX V > & . £ ft£ 

me>titmLztfx^x$mLt:i><7)£nx7t-£o. -nz 

(4, A. Miyamot, K.Takeichi, T.Hattori, M.Kubo, and 
T.Inui, "Mechanism of Layer-Layer Homoepitaxial 

Growth of SrTi03(100) as Investigated by Molecular 
Dynamics and Computer Graphics". Jpn. J. Appl. Ph 

ys. Vol 31, (1992) 4463-4464. . ZZX'li, ^ 
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fceote-swrtt, -ecO#tt^^±CMLT{4, m/n 

i. mm. ajsns^fwii^ffls^ftfflst- -&k*\ 
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[0012] 

mvwyxtv-Mzn^x. mESMLx^hmh 
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[00 13] *>*>5f ^ h t-X«ffifflKJ; 

^*XSCt5V^T«. XPS^FT- I RcOgBSrfflV^ 
&c7)* s 3iWT"J)§. ZtlZ i n - s i t utl^LTV^ 

tztLxh. %coT-?comm-tz,tz*>it. m&xu 

*>k* 3 *>k V > o ¥iJ^JKT* 4 . £ co X o =5r^RT(i . 

[ o o 1 4 ] -ux-^Tmts^s. *u-?comm 

u-^ti. Tv-txgzmg-ftyaT'yMzlt^ ( i ) 

oWSkwa^kJis ^k^^ix&v^k T*-? 
H fc^ft*^ I -5 38*u Hffltrt*** v ^ k S*»ttT v . 
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i o o 1 5 ] fcfc itf , *«^«*»4. 

HWlSfl^fti: LT« #ffi£^t?^co£ftcOgti3X*/l- 
^fCtaL, Mn*frTT'£<Z>x*/l^#s ft/McSr* 
idfc, ffiKKtoeu -ixCciD, «fiffitt«M i s 

frhJEWlZMtt'&^tfh -> ttK ^tfli, ab-ini 

[0016] Mitr, sy^/i-wt- ww&Bttra 

(#Ri4\ >-'J3^3«BS«#IHO*^K:{iS i -OIS 

[0017] WftlMURtOfS^fceOfflSf^fflU, 
ffl#3* V ^ * <0 1 ft £ J; r, ^ft < ft 5 J; 3 \z-th Z t X 

[0018] wtmnmmt* mmi^imm^^co 
[0019] &mmmMmmmizm?& 

i><DX\ *W%%WtiK #rU>ab i n i t i oto=Hb 

^is^MzxmntemtmnmmT-fzmz 

-> xft&mm*& o t »< & o . - comcottm 
*mt%iz£&mv^f$fttvxt*. htx-mx- 


WSIEHj W&kKLTV*S. 3 fee, r ±EPJPB#<7)* 

Co g *x *>\,3?tfmmz%z> wM.<r>m^z s gitcohv 

[0020] JMSft9SlSW*M— ?K 0 ±(f T 40 

^t^o^*^ \*%&mizwm:mMift-?x^ 
&zt*?, wmt^m^mcom^h^zx-ox^ < 
<m.tfzt%z>m%t\ ±^mx-hhtiK *wn%m 

[0 0 2 1 3 X. *^(4. ^X^-fbefcJt&^x? 
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mwftmco "zcow Mfemz&iMiztimL. 

M 0 X(i«E iE t ft # S> «ff* SifctBTIgk-f* 
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56 ( i ) ^-rn-fexS^JBfer^, «8IW*i 
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jUb, (v) «ttv^«|ftxyyv€:ftJnL^t. (v 
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mz3&Kcoi<-$.j.u-i>>3>£'tT%\. mmmmftizB 

*>nsxgfc, mto^fMz&^xifTfrti&jLmtfr 

x a k LT tB7l $ix& 3 yjTcfta* k BulEa*^ 

TVuca-5v^Tfi : t'tL§v-5AU~^3>te*t Lxm 

[ 0 0 2 4 3 X. *%B^ (ff^if 2 ) (4. ±EI»*3S 1 
HtTiS 3 iXTcSft^ f^7"n-fe XySal/-y 3 y^ 

WSMtffift, JSKffift. cij*<0W1»**«g 
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[00 2 5] jet, (f»*«3 ) J4, ±IEW^« 

1 tfc v ^X , ffie 3 ^TCggftc^r^rn-feX is 5 a Ix 

— ->a > , #^BUfE3&:^^iS:ft 5 J s i'$ il^— i^a y 

[ 0 0 2 6 ] jet, ) ti, XfElit^JS 

1 tii wc , miltt %>&\i , § £ k 5: 

msk -rsn^p^jirp-fexxs * u-v- 3 
[ o o 2 7 ] jst. *»w <M*«5 ) t4, ±iet**3a 

HI*, I^HflMm'S.a.l^-i'ai'fcL VHSJJj 
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ltmvc, iiuf E^ifty}^ ysaV-yayii 

[0029] Ht, #»hji (MESS 7 ) (4, ±SE»*« 

£-3v *T v >4 i k k * a m^ftSBtr p 
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[003 1 ] jgt, ##J! (1***9 ) f4, XIESt** 
ltfcwc, M a^»7l¥ y^lz-^aVli, &ft 
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[0055] SEt, *5& 0 J (I«*JS3 1 ) (4, ±iH»* 

t mm ■i-ivmanwmi' . 

[0056] (fl*W3 2 ) (4, -hSEIft* 

■rs. 

[0057] miz, ifWn («*IB3 3 ) t4s ±Elf* 

a fc ttftftnftS; t com^hit iz x h ft=mm^ s 

[0058] («*3S3 4 ) (4. ±ISIB* 

«3 0fc:t$v^, IWaWttti. *m#mR±.izB&Zti 

t loCR|-ri.»ttt'S).i.^i:2:W1tk-tl»«^p a n ^ 

[0059] S(C, *^0J <St*JH3 5 ) (4, JJE3I* 
«3 0Cfcv^, flqiaf S^- ^ k - ^ i: Wit 

[0060] *% B ^ <M#*3 6 ) Ji, JJE3H* 
U3K5i3IB*iaTrf*>ii* - k £1#1&k-r&*^B a pW» 

[006 1 ] *W!B (»**3 7 ) {4. JJEIt* 
«3 0fc*JV^T, Hfc. BtrfSA^ttk L-citrieissfflw 


(9) 
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(4, HulSA^ffifc f^tf5:Si:fMfI^ff3 - k 

[00 62] let, *»BJJ (l?t**3 8 ) (4, ±fEfil* 
*3 0t*Hvt, ffifWH^t&^&te, SJHfiKEflHiM* 

[00 63] Mt s (3ft** 3 9 ) (4, ±ffilf* 

*3 8t*>WT, Htjfe«P^0«»^ft{is 3*1818* 

[ 0 0 6 4 ] jet, (M**4 0 ) (i, ±ifili* 

*3 0t*5lvC, frlB^H^SK^^SA^-^a^tis 

[00 6 5] jet, ##5i (ff^JS4 1 ) li, ±EN$ 
*4 0£*SWC, BUfeg»W5KT-^v^;H±ATTA^ 

[0066] jet, (ift**4 2 ) 14, ±f£fi* 

*4 o ttsi , mmm^T-y ^ Mt bks^t 

[0067] Jit, *^ (f«**4 3 ) (4, ±feit* 
*3 0t*5Wt, WIWH'IWj^i' s^i^-ya 
fcfcfc1WK*mo;J«Sr< k loco^SUf-'-^Srfflv^ 

[0068] I€t, (lf$*4 4 ) {4, ±KSft* 

*4 3t*SWC, MB^flS^^^ SiU-yaVta 
frtf^rntXySalz-ygyit ftt3&7C;y 

[ 0 0 6 9 ] set, #*BH (91*514 5 ) (4. ±IEff* 
*4 3t*3Wt, lW8B3»C7C^tt*1s^5Aly-^a 
y*^ WIS 3 ft^SSft^T-Vy^Tn-teX jy S a ly- >- a 
y"V fe3Wff*$L Jfcft^Iic, JfcffcaS, Cij^CDWI 

*i& £ k *#sk ^hvmMma&x. 1 ?- 

[ 0 0 7 0 ] HP*?, ±fBfit**3 07^1***4 5 tlB 
KO^^&coim^XxAtitUi*, nyta-^fc 
iSy$ a y-y3 ft J: hm^X^mmv-lV t L 
X , >5rWI|8JH£ U T/y:M ATfSWS £ k iffi 

[ o o 7 1 ] x. *mi (i»**4 6 ) (4. m?u&cD 


mm k 0M*&i*tiz x h frmtt&s s * u- ^ a >• 

£fTV\ frlE1#ttco^SlT-^*»S¥Hlk SrSBTS-fc 
[ 0 0 7 2 ] St. *mi (91**4 7 ) (4. jjan* 

JS4 6KJ3WC, me^ift/i¥^5j.i^-^ 3 y{4, 

[0073] Jit, <»**4 8 ) (4. JJEM* 

*4 7tfcwt, ffrfa^twi^a^, xmmmm- 

[0074] SC> #S69i (fft**4 9 ) (4. _LEi** 

*4 8tfcwc, mmmmmmmm^mit. 3 mm* 

[0075] IC, (f»**5 0 ) (4. ±3E8t* 

*4 7tfcwt. imvmsju. *m#m&x*>&z 

[0076] Ht, *»bh (»**5 1 ) (4, Jifeff* 
*4 7t&WC, JEt. «riER5ittW>fcr 

[00773 »=, *«BH (M«JH5 2 ) (4. ±1S1I* 

[0078] JEfc, *f6W (1**315 3 ) {4, _tKM# 
«5 2tc±JV%T, MIS^SWr>'^ J r/W4ATTA^ 

[0079] Ht, (SI** 5 4 ) (4, -LIBfS* 

Ifl5 2(2fcV^T, ltjf5^^xy>' J r;W4BKS^x 
y^-v^T'*>S-r.6£k*#ak-r-&ieSi«*Sr*t«-r 

[0080] jet, *«BH (If** 5 5 ) (4, ±ieif* 
«4 7tfcV^T, Htffe^ : F»^ : ¥^Sily-v'3>t1# 

«7n-feXySj.l/-y3y*'fi^5It5:#itt 

[008 1 ] W=s (11**5 6 ) (4, iJEIS* 

JS5 5tfc^T, HUfB^»^^v$iV-^a>-k»fi 
fttf^/n-feXy S i l/-y 3 yli, ftt3&7ci' 

5Ak-^3yT*6£k*««k-filE««#S:«« 

[0082] jet, (W**5 7 ) {4, ±IBW* 

*55t*JWC, Mia 3 JJ:7C^S!l^^>- SiWya 
yfrbmZ 3 ^TcSS^^rVyWn-trX £y 5 a b-£y a 


(10) 
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[ o o 8 3 ] m% . iMmsm e nm&m 5 1 ice 

T n-fe X ~> S a V - i/ a > h ft V >ti Srlf^ -5 £ fc #T'£ 
ork^fgk&ft. 

[0084]*^ (if*3S9) 14, ab i n i t i o 

o«Jtrn-fe^oli8fte5lS«o^*< k i> lotctitt 
ft. S»oWSlSBfO'>4< k 1 1 & 

^Mt*w\ iwies&^xgo^ < k 1 1 o(-*5 

k fc 1 ofc»*61M8W>*»tt0>^&< 1 t> 1 oco^Mt 

4-&< 1 1> l ofcfcfrt* Bufaascco#tt^-^c< k t> l 

[ 0 0 86] ( 1 ) cOttffaSoragOSLT^L 
PL<ftWxT^5o ^tt^^TJl, flFFHHHfflfco 

XX. ZtiZ. m^LX^h 1 0 Officii 00 Offl 

[0087] £<oaB&^B^<0*K*ft*«OSt«j&«-# 

as*?**. iix* 5 . mwit&^&x'tmfr^tztyt 

^zfcixmmzix&tf'ry ^/wx^MfVij* & t 
*b. ztxzmz, ^n\atxfr<. l#>u 

(4, Wfc, *fyi/f/^, £K*2n<Mcfrt>2:£. ^ 
^Wrf-\ l ZtohhMz^\vt:^im<0'r—-7)V*ft'>X 
&<^m*M~oX^fi:. zcoxmxii. ±IE<7)10 0ffl 
4?t«4 10 0 OflOflFFtcoWC , teHI. r-^Sr# 


na, #?smracD&#>ft tons, ^/t^fyy-v 

;U*<0fc<O*>fe{4. ^3«rS:jtJ-f-SC:k<4aj*=3:<T. *° 
y x a- )V<n± % £ -eix-f ticojfft fcStt ft *S # A*. 

*tl?tl?)1i\°\cr>tl<,Z$L&httX'hh (02#gg) . £ 
*U9>*.. ^ffitctha«cOI*fSJ^*»ft £ k ##*»ft . 
[0088] fr-tfCOHUC, SIf-//^ff^'l:f 

6*>feT*i. ±fct>a^fc«ts ^y^^^ (V) 

(4. M'ocDmTcmmt&s.wftg. ie) . §^>tc 

(4, 80B ( r) ?«t:*^^otV>§. Clflte 
tc, Zti*. m^mz, «^LTRBS*f^ft<0i4^#tc 
»L^. ^Jiff ^{4rtf0H8^T-S>ft«t~. ^JtJiOIUo 
TSl^r<7)RgStCJ«ofeO-fft. 
[0089] *«HB#fe(4. i<0«*HRtc#^«t=«Mt 

ft#=5r*^lc-5V^T, fig*, fl(«^*Wb*i'Sr3&»ofe 
S:(4^^tt4^< til*ft X 3 tc&ofc. fi!*^ J: 5 fc, 

[ o o 9 o ] rot, ;<!oHfP93S0fii«^;<o-#<o«* 

5rtlTt~^. -ixt4. — «t 3 licOJST LX . 
ZtX^i. -t^hib. !S^3fflltcWLT-«tW{ciaa 

JRT***ixftr, ^S^kWSEM^, ^cO^iLTV^ftS 

^ra^*^t*aiT"#ft» dn^tcko, --Kf-y^ 
^^—mmzsnb^ti, ztizhtiz, Mticoifmz 
t, s d?f>-^^ r n#j *s*c*aj-r ft-k^'tu 

*ft„ *^#^(4. «ELTfflVvTV*S£»te-3VvC 
ikt% IEL<, mttMtfft t>i\X\^ZbZm%L 
[009 1 ] WT*fHHtc4 ft v-^xAco»E®5:fl:*W 

tcira-tft. *ujtc x 0i£#shlt» *^Bjwj£fflco 
h^-^v i izx-oxytrytow.*^? htisZ*- 

TV^ft. 

[0 09 2] Y)V*~9V HzX^X%hiXfz% 

«0©JRX^.^ h;K4. — S7r^ Wt LTlStt$^ 
X)-yV5VI ItCiSfen*. xyj/*j.-7VI I l/Z 
(4, f^-ft*iratcJ:ft^««tA^$n. iix^(4 
*tifcB»H*jaS I VTit«$iift . 

[0093] »Jt»Br«lS&« i v-ccoJtlSag** 5 ^ SfS 

zmm^yisyt Lx^ru^x^m%^--v v i k 
[0094] ro-t ^jaawajj-^. ■/ b 1 
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[00 9 5] *f|^i/Sal/-^ I I T*aiS*Ufc 

jgrnsnatK:? h^t^-^ftii, Bi»tt»aii-.x h i 

[0 0 96] iTcoi^t, *M:±-)t, ¥3B*iSS 
[0 0 9 7] ^Ulttis I« 

&.tim&mmt*> * %2<n%^\ i bii. = 
[ o o 9 s ] «n», *«bh#a>{4, mtw&mmztz-tb 

BflSSLfc. J21T, *»Wt*5{t&*rL^ab initi 


K Cn Cr) ] -/n (r) 


[0099] *»W*iS* , Wf6Ln:*fLV^5 aU-v 
3 >"«:£#;flt)S;£E] 3 \Zf^t. IttWlSffltfo (MD) 
fcWKiHJIBft ( D FT ) fc£l^£L££rLV^)££JS§g 

[0 100] 03(C^T<fc3t, tir&ism- (MD) g|? 

(dft) a±^«r,s«>Tv^. frfmfttzmz**. 

X"t£ \ ^Urffl WRRiiK-C & tcJk & ft v \ JJFP ( -f 

tfT-yisV/UZm^h. ®%M®L (DFT) 

{4. /h£ ^3R<0* JKttJBS: 5 3 i i: fcUfc . 

[0101] DFTMt. $m(0%:^m=F% i <7>&&tf. 
!8c9:£x*/l^-£;£tf>TiI< . £x*;l/=¥-te 
Wft£T'£#V)f5'^-f t> m^J^n ( r ) CDtfURIftE 

[n ( r ) ] X'hh. 

[0102] HB%, E [ n ( r ) ] (i, TffctS (120 
1 ) |cJ:9ft£*l*. 
[0103] 
[»1 ] 

i 


■ V z (r) d r+ -|- J J (2n (r) • n Cr' ) } 


/ (I r- r' I) -drdr' +T S [n (r) ] [n (r) ] 


-0201) 

tfflJ&lH^Vz (r) litt<75?-ny*fr£»ft*. 202) fcJ: DflSft*. 

*2W4« ; FIB<0^-n>'ffl5f^fflx^dE f -, I&3JS [0104] 
J4s UT, IWBSfWiO&V* [ft 2] 

B#<7)>Ii)jx;M^-T s ( n ( r ) )Tt> 0 > TfBaS ( 1 

T [n Cr) ] ■ S * (r) C-V) Vf, CD d r -(1202) 

SMEU#&lfflWx*;Mf-E x c ( n ( r ) )T\ *W [0105] 
»J4«J5f*«jfi<Kt i4. tf»Sn ( r ) JiTE* [ft 3] 

(1 2 03) K J: 9*3*1*. 

N N 

n(r)=£ |T.(r)| 2 =S V* (r> V. (r) dr -(1203) 
j-1 1 j=l 


SJKOTi> 5U1201)<0E[n(r>] 
OfctHvcfcS. TfB^ (2 1 ) , (2 2)CSfKS 
^"^S^ (Kohn — sham equation) SrjR 
WC, SI*ffiECO/h§V^*^NffiSffl-f&o * ( 1 2 
ll)fcn(r) ^t^SKs n ( r ) . * 

[~V*+V eff (r) ] ¥ (r) 


( r ) „ ^TKrVx-v^Veff ( r ) £SE*S» 
(self-consistant) tSf*»=5rWtLtf 4 

[0106] 
[ft4] 

= EV ( r ) - (1211) 


(12) 
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V eff ( r ) = V z (r)+I2n(r')/(lr-r' I ) ■ 
d r ' +SE %C [n(r)]/5n(r) 

■•• (1212) 

Hamm^/^-Exc [n ( r ) ] fcjt, EJ5r*flBfitt 3 ) Sr#?t. 
(LDA) T'l^^O^X^df-exc ( n ) fc* [0107] 
n Z®rtxmti-t& ZtlzXL TIE* (12 1 [» 5 ] 

E IC [n(r)]=!e, c (n(r))n(r)dr ■■■ (1213) 

exc ( n) <7ffi\&. Wi gne rfficO^t*. V^V^ i. £ .1 fctfT^fc. 

«*SivO>i>. JEfc, p'BBW^l^i-f tltfCIt [0108] £x*/l^-fc L-T . 
ffid^Wi. 5$ ( 1 2 1 1 ) COVz (r) tU«<o? ffif-i.^, M^) Hko^-ny ■ X^y*/* 
-u>t%ZZcr>tt&0CVT%< . «<7>{£ittW8»tt ^fc-grtri^fcte^fc. BP*>, Tlfix^ ( 1 2 2 1 ) X'h 

■ * p 

K= S IT, (r) (-VO V (r) d r+U (ii (r) , ( R. } , ( a v ) ) 
J-1 1 1 1 


IWffcfcfl 1 (fW*«. tAT^e L ut£)Z) . ^ ( 1 2 2 

i ) co£jaasiJR{±. dftco^ (1201) *>^^5a 

c?)Ts [ n ( r ) ] X'h 0 > * ( 1 2 0 1 ) =&iflOD»9 
^(1221) (0U<01«Pffc&. *<Z>gfrfrti, DF 

T<o*-^i:R«fc: lf*ifi«<03ft (12 11) *»fev.„ 
( r ) T"*£ft. ^{iO Vz ( r ) 5r^*rf-yx-v^T' 

1 1 2 
K= S -=— (iJ IT.I dr+ 

i-1 ^ 1 1=1 


-(1221) 

[0 109] ££T5WU*#£#fcA*lfc. W^. E£ 
(1 2 2 2) K^R^firiH&x^Mf-fcWA-f 

&. 

[0 1103 
[»7] 


•■■(1222) 


fot7/7y^r^, TffiiS ( 1 2 23) iz£*)$i 
[0111] 

L = K — E ••■ (1223) 

3t ( 1 222) $>CDMj&, *ScOJg^ (-f^-y) COS 

S ^i* ( r, t ) tf„ (r, t 

ZmAlX. LKTIB^ (12 3 1) fcJmlfcfciOCOSg 
k 4. -f-raftiR, TI5^ (1 2 3 2), (1 23 

X A.. t/T * (r, t) <F. (r, 
uQ t (r. t) — (tf K/5Tj* (r 

ft ( 1 2 22) coaabx*;l/^-coaUJET*««iM-6. 
**^lt^¥Ox *;Mf-*#EIiJ t J: o T#S 
a&Srft^TV^COfc'*^, 21/2 M r ^ 2 tcofflfa 


WtcjEtTRife. UT, Tlfi^ (12 2 

[SSI8 3 

) dr = « ik ■■■ (1224) 

3) , (1 234) 
[0 112] 
[»9] 

dr-Jjj] -(1231) 
, t) ) + S A. t T, (r. t) -(1232) 

••■(1233) 
•••(1230 

[0113] Wi.<f s At«Mi fc LTSffl*^T— 0 1 

*0H**§4. i^B#. £(1231) £0*323^0^ 
9 , ^mitft ( 1 2 2 1 ) t -t-WTWffiBt J: 0 . TIE 


(13) nmW- 1 1-1 76906 


5U30) ttehfrb. 01 [oii4i 

{ A ik } jWWWHfc3*lTK S#g£ (12 3 5)** [RIO] 

[V*-V. ff (r) ] (r) + £V k (r) - (1235) 

mulated anneal in gT#te«I fc fc^r 

ynamical simulated anneal i 
ng (DSA) tmZtlh. 

[01151^(12 31) om-frZ-tZtif, &?Ll> 
ip\ ZZ<7>££$zm.bl.XWi.ocox*j:<. ZtiZ^mtil 

xmrnttmrnm. (^foy-v^m) *s»fcL 

>uS nk (r, t) = [V*-V.„(r)] ^„ k (r) + A nk 0 nk (r , t) 

•■■ (1241) 

A nk(±1f n i Ai „ I *>H*rttT* 0 , X */l^'-J£firT [0118] 
<6nk(r, t) ZmffllX. TIES ( 1 242) [R12] 

* A (r, t) =33 C nK+G Ct) -exp [i (K + G) r] -(1242) 
(? 

MX-fyi/vfrtfmmWX'fo & & £>»f ( £«o*Wi-JR [0119] 

\,zmtz%ixtc^) . ^^T-y^^^Vefftiirat [ai 3] 

T . TIES (1 2 4 3) #f»&;h.4 . 

V rff (r, t) SV c (t) -exptiK-r] -(1243) 
G 

£(1242) h£(1243> ^(1241) |C« [0120] 
ALT. TIES ( 1 2 5 1 ) ***t£»*U>. [R14] 

ju ST n)[4r (t) 'tap[i (K + G) r] 


[0116] *nku, ties (1241) *mt?t\*r 

X'hh. 
[0117] 

[»1 1] 


■ 3E t- I K + G l 2 +A nk 3 C n I+( . (t) -exp fi (K KG) r] 


-S SVp (t)C nI+(? (t) -exp [i (K' l-K' +G) r] 

■••(1251) 

^ia<OfiftcOiS-CK = K' +K" t&< k. Sexp [ i [0121] 
(K + G) r^tf^UnmzimkK&frWLX.T [££15] 
f2S( 1252) 

/iT n , w (t)= [- I K+G | 2 + A nk ] C„, K+a (t) 
-2V 6 . 6 ' (t) C n>K ta' (t) 
= — [ I K + G I 2 +V 0 (t) — A nl ] C„.K*G(t) 
-ZV 6 . G ' (t) C n , Kt6 ' (t) 

••• (1252) 

z zx-mmt* . ties (1253) iz^-rx o izjm mi 6] 
u 

&> = (( | K + G | 2 +V 0 (t)- \ nx )/v) in 

••■ (1253) 

£(1251) ttmgftlzft&i-t . TIES (12 [0122] 
61) [R17] 


(14) 
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C n> k + g (t+ At) = 2 cos (co A t ) 
— 2 [ 1 — cos(o) A 

[0 1 2 3] ;-ny^f^yt;Wi £17^51:5: 
v (H =v (t . ir2l /3L 3 irz. 
fiaSftrt"CtO. Zi . ri te, **i-P*l» i a^cow 

N « 


C n , K + G (t)-C ntRtG (t-A t ) 
t ) ] {E G - V G . G " (t) ■ C n>K+G ' (t)> 

- (1261) 

[0124] *wmh\t. trmmttoftftt i 

TIE* ( 1 2 6 2) *^»^ife^o 
[0125] 
[S18] 


r.l* -(1262) 

JTfeJHTH*fri"6- Ewa 1 d<7)*a»iSffl. 

*»JS i tin z. Witf v Mi +£ \ ^ tSiftrtf ftJWf 6 . 
[0126] • TK-rV^^^^TIE^ (127 

l ) fciOftbi-fc^t-*"* 
[ftl 9] 


l 

2 


2: 

i-i j=i 


I n + fj- r 1 l) 


•(1271) 


5^ ( 1 2 7 1 ) fc*5WC % N{4#{5^ a B H ^M^. Z 
co^comiW^co{3Mtffi j m&ri , Zi TfcO. nti 

b/K-J)ot, TIB^ (1 272) fc^idfcRjeU 
fc. 

[0 127] 

n = n x Z x + n y Z y + n 2 Z z ■•■ (1272) 

tm$tl&. ZZ.IZ. Zx , Zy , Zz #-Hl-Wlx, 

oo Jlj 

K (r) - f ^/Ttt 5: s z. 

<T j 1 n J 


y, zJjftlCOffiCDK? h)VX\ nx , ny , nz te^ft 

[0 128] ZZX^ftPM^teTitt (1 273)1: 

[0 129] 
[®20] 


exp [- I n+r.-r | 2 t 2 ] d t f G ( r, t) dt 


••(1273) 


±ie^ (1 2 7 3) IZ&^X. G ( r , t ) Ht^fflffl 


[ 0 1 3 0 ] G ( r , t ) (i. SEteTB ( 1 2 8 1 ) 
[*2 1] 


G (r. t) =2w/ (L x hL +Lp >3 5: 

i ■ 1 » 


exp t~>r 2 ! m j 2 + 2 n i m (r - r .) ] 


•(1281) 


±IB^ (12 8 1) fcfcWC s mUam^^ h/p-C* 
0. TIE^i ( 1 2 82) fc* D*b;3ix&. 


m = m x ■ 
+ m 


(1/L 
• (0, 


0, 0)+m y 
0, 1/LJ 


, mz \±*tl?tl- 
■0<7)n\±. exp [•■ 


Jaifcmx f my 

i = o xh o . *{aDB*rto«?«* f o -c*<itf 


] = lrtf*>6. ZZ 


m = 


[0131] 
CSSC22] 
(0, 1/L y , 0) 

••■ (1282) 

* ( 1 283) k&&« 
[0 132] 


TIB 


(15) 
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[R23] 


* 3 

G (r. t) = 2 w/ (L l-L HJ S Zl'Z./t d 
X y Z j 1 « 3 


• exp [ - n 2 I m I 2 + 2 * i m ( r - r .) ] -(1283) 

*«HB#*l4*^ltHSrk-C^tt. G ( r , t ) <02o [0133] 
<0»fc«V\»trC. Tia^ (1291) [R24] 

K (r) - f 2sr/ (L +L +LJ S S'Z,/t< 
11 0 x y j=l ■ 3 

• exp [ - k 2 | m [ 2 + 2 x i ra ( r - r .) ] 

M 2 
f X' Z.*exp[-|n + r.~r I t ] dt 

'k 3 = 1 a 3 

::t*^*§lt 4fc*k LTTiE* ( 1 2 9 2 ) £ [0134] 

J 1 l./t 3 -exp C-a 2 /t^] dt = l/Ra 2 *eip[-a 2 /K 2 ] 


•♦(1291) 


J 1/V> >en> [-b Z t*] dt=1/b -erfc(kb) 


••(1292) 


^<xt i 0 s t&tbco?-uy#T>i' j rMi. TIE^ [0135] 

(1 293) l»2 6] 

N 2 
0-1/ (L+T, 2: S' Z./lmr 

x y r j=l ■ 3 

•exp [-T Z |m iVt 2 ] 'cos C2»-m (r- r .) ] 
N 

+ 1/2 "S Z-Z./l a hr. -r | -erfc (*|n + r.-r|) 

j=l a 3 1 J 

H 

H i/2 S Z. lim {Z./l r. -r I -erfc U I r.-r J) 
j-1 

-Zj/I r r r 1} -C1293) 

£ ' c7)^±0' EPtl n = 0 <7)B*K j = i - k £ [0137] 

l»2 7] 

[0136] JEfc. TIS^ (1301) o 

N 2 
1/2 22 Z, li« Z,/s (2//" T/exp (-t 4 ) dt-1) 
j-1 1 M 1 

II 

-1/2 5: Z 2 lia (2//>*«P (-Vs 2 ) ) 
3-1 S-0 

N 9 

— k/Tx S Z 2 -(1301) 
j-1 1 

<I(7)^ (1301) lirfc***vv&>4>. atiliWflW: [0138] 
V*. £<D5$ (1301)11 5gl~Tffi^ ( 1 302)C [»2 8] 

srf i o £3a&+& - k ***** . 


(16) 


#BB¥ 1 1-1 7 6 9 0 6 


21 21 Z.* Z.-coe [2*m (i^-r.) J 
i j 


= ZZ.»cos [2jrmr.] 2: Z . -cos [2 *m r .] 
j-1 1 ] j 1 J J 


+ 2: Z l -sin [2 Jfjnr.] 21 Z . * sin [2 *ra r ] 
j-1 1 1 j-1 J } 


* 9 2 
21 Z » • cos [2 7rmr.] fi + 21 Z 4 • sio [2>rmr ] * 

j-1 1 1 i-1 1 

= 1/ (L+L +L ) 2: 51' Z,/| L | Z -exp [~* 2 I ?, I V/c 2 ] 
* y z j-1 ■ 3 

• ( 21 Z, - cos [2* L r .] ) 2 + C £1 Z. • sin [2 it L r ] ) 2 

i-1 1 3 J-1 


TIB^ ( 1 3 1 1 ) - ( 1 3 1 5 ) Ki OftbSix [»2 9 ] 

0=1/2 52 21' 2: Z.Z-/I n + r.-r. I d> a> + * (2) + 0 (3) 
i=l j-1 n 3 * 


(1302) 


••(1311) 


N X 


<j>U' = 1/2 2:22' 21 Z.Z./ I n+r.-r | -erfc (* I n + r.-r. t) 
1=1 j-1 n J 3 J 

-(1312) 


<D(2) = 1/2 (L +L +LJ 2:' 1/ I I, I 2 • «p [- * Z I L | V* 2 ] 
x y r B 

• ( (SZ.coe [2*L ] ) 2 + ( (IZ^in [2*L ] ) 


•(1313) 


•(1314) 


<D (4) =2ir/ (3L x U y L z ) ISZjfjl 


ntt. n = nx • ( Lx , 0, 0) + ny • 
( 0 , Ly , 0 ) + nz ■ ( 0 , 0 , Lz ) T3> 0 . s 
mti, m-mx • ( 1/Lx , 0, 0) + my ■ (0, 
1/Ly , 0) + mz • (O, 0, 1/Lz ) X'foh. 

-^-tl^ib^V^MLT. O(l) 


•••(1315) 

[0140] fflffl**JtST*-&*^«tixtf t -3 1 Wfi 

[0141] -mzft^m^x-te. s^fyy^ 
)VW&%>±W£*rchh. ztnz\±. sum*. 


(17) 


11-17 6 9 0 6 


[0142] ±tcf£L/£J; o \,zmWtt:W.=FffiX7->>' J r 

( j ) kcoftmiz. 2t>£%=comT ( k > &t>m 

- ( J ) £aLTAoT<ft$S#£>ft. ClixS-ll^U 

#*>ft 4 a ttwiis ^scsic^* . i-T-t a- 

[0143] *RB£tfeli. H6t:&&ftRtiK[IHitK# 

14. JMrfxsSrv*. fc-tffc^ ¥^#:L S I (TMWmZll 
i-Wi. liL^v^iCU. 3«c|a]HS:Aix 

rijt.^ijkfc. r Jk fcHLT. **ffc£Lfc. * 
PRW4. block datahtt. ffi^CL/TtSWLfc. * L 

7D/7AS:tML^. ffi*£l4. cubic s P lineft$r 

*>U WHW*# (rijt^ijkts r Jh ) #>\ 

CO t'co^iJ K A ft *» S ^ ft * § . s 

-$-ftSB#A < <&g'C\ ^iWiif then else^&fflV^. 
^CO^tCtT, J9rS<0*tt ( rijfc,0 idk ^ r jk ) # 
7=— 7-;K0t'C0#KJ4*«.*^s JSLlxtfi-fcfcttC, * 

(r^t.e^t, r jk ) ■eco^r^^^^* s *^->^ 
ft. *HW#^4s «/h3Wfc § fc 3 
#co^*^, t*£SHWw5#££JBv v c« f»7h bp*>* 

[0 144] iiiT»*»*J:3(=, the 

n else^tt&tffl^Jt. *f-ft«STtt . if then else 

ft, #,lS7o/7Aj-fflV\^, 7j2rft*-fft^ 
CDMOlvt. pffl^O^TW^Tt. -e<D&SL 1 6 0 
OflfcOS i «^*»fe=Sr&*ttAa6«T, *£*fiSJ£3 0 0 
KX\ *>YKl%&<r>i%1$Tfoht)K #!Hra/7At 


fiJT'&ft -It i/;«ilrn/7Atli, JK 

ft. 

[0145] fcte^lfc^frfctrnWIM** 

^ft(0*»j lcMLTt>fS#{^ H ^-fft. 
[0 14 63 MS, L S I 7*n-fe.Xfc*$v>TJ4. 
«fti¥fiB8ffi£i£-3T^ft. #^©JR^J:&Si<0?4ittffi 
SMia. SfeKti, 9 -? J; ft K4>co^i¥fll - 
XHt4ft^ffijt»^^* J ^ft. *^i<ife3teW 

ft. 

[0147] *»BH#*14, *ft-m<^i¥«¥acOJS5C3 

[0148] *wmmtf. mtbxtimLtzmmm^®. 
*m*%tfmix Ltzm*m&imT<m o t*> ft . bp 

fe, ^gi-ftS^co^-^^bSrH-^-tft. *LT, CI 
-yxfiL, E*X^.? h/WSrfift i><OT'J>ft. Clix 
[0 1493 mz, S i SrCTtc. ^W^r^^-r/l- 
SrTjt^LT'iA^^-t'. z\ixit, -mX'h&i)K S i 

v^ftii:* J {±i*fto SitWLTif^ 
jiff- y x -v A ^*>t t . 

[0 1 503 CliffflV^ftsiff y v^;WiTersofftJ: 
StCO-Cfcft. (Phys. Rev. Lett. 56.632 (1986), Phy 
s.Rev.B37, 6991 (1988)). 

[ 0 1 5 1 3 4". TersofftC Xtllf, i#g<7)S i IZffl? 
[^303 

^Wa«$^ l «^BL.^v^^0i±, ±ies^ ( 0 0 0 1 ) (aft 

crC ^ Vi^vjix-^ft. tsnsitfoewH 


(18) 
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[ft3 1] 

V id =f c (r id ) [a ii f,(r lj ) + b 1J f»(r ij )] 


(0002) 


( r i;i ) t±. h*7Wft?. fR (rij) {dJf^S 
f A ( r^) ti^SrSrf. a i3 «KfflR£#Jt 

i>s*^{il3itt*>-&<ot:% cicfa. ^hj*^* 5 *) 

Vi d = f c (i"ij) [a ij Aexp(- 
f c (r) = l 

f c (r)=l/2-l/2sin [>/2( r 
f E (r) =0 


#<0P*B=Sr"%*CJ:*t^:*2~3A-C-&&. #fc> b 
ijfillKttft^-f- tic*** 1 , Jld-Ctiie* y b 


[0 15 2] fR (r ia ) f A ( r ij ) ii N MorseM<D 
^-ry>-v;l/Sr^L^tOT', fR ( r id ) = Aex P (- 
Alrh f A ( r u ) =-Bexp(-A2r )T"£>S* 
[0 153] .TCDF*k Alk A2J4, 5£ftT'£> 9 . 

[0 154] h3f7RBRfc (r id ) t 

[ft32] 

Ai r id )-b id Bexp(-A 2 r^)] 

( rSR-D) 
-R)/D] (R-D<r<R+D) 

( r SR+D ) 

••• (0003) 

*7fflm*m?* *V>%mi, Tersofffciilfcf. 


b id = ( 1 + /3"? id ") " 1/2n 


(0004) 


T*-6. --fc> 
[S3 3] 

(r ik )g(9 ijk )ex P [A 3 3 (ri3-r ik )3] - (0005) 

■e^sid t, &3U o o o i > x-m«-tzmz. Vn^vax-hz. ft. 


ot, b ij =i t bjiT-$>&. 
[0155] ifcg (<?) titfV FftffPC&O. 
[ft34] 


g(^)=l-(cVd 2 )-cV(d J +cos^) ■•• (0006) 

X'$>&. z\zx\ d\m4<nmzM%,^<nt~rh* h. bp*>. 

$abuz*>fi:'). mi&omiimzm^xm&Lxfi. [«3 5i 

r . j=v r {(x j -x i )2 + (y i -y i ) 2 + (z j -z i ) 2 I -(0007) 

-t-fco, r ik t,H*w#«sr*«)A><i6. -ea-rs [»36i 

Piok = (xj-x i )(x k -x i ) + (yj-y i )(yk-yi) 

+ (z j -z i )(z k -z i ) -(0008) 

costf ijk =P idk /(r id • r ik ) -(0009) 

t % i . zzx\ *wmmm \ ^tzim^za »t & i ft 3 7 ] 

R=3.0A, D=0.2A, A=3264.7ev, B=95.373ev, C =4.8381. 
A t =3.2394A, A 2 = 1.3258A, A 3 = A 2 , 

/3 =0. 33675, n=22.956, d=2.0417 •••(0010) 


[0156] ^n^fi^iTiav^ J:*fMB«<03K 

TfK WfC*35l> . ^f-^-WKO (0 00 2) 5££fi 
BOiSftTtlWH-*i:afc*&. BP 1 ?- 
[1381 


Ci*v i:j /ax 3 .) 


(0011) 


(0012) 


v > . *^BJ#^)ft^aifirfcA*>M-5 fci^ fc mitfV. 
[0157] (0011) #RT/ (0012) t^W< 

tM. gmitzmwift-ttiiz&w ua»u 

JjMsfiTli&^.r fc tm.<ttfrh . 
[0 158] BP*>. 
[ft39] 


(19) 
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+ (<?V. ./<? C jjXS e ii /9r ij H& r^/dx^} 

+ E(5r lj /5co S e. jl[ )(<?cose.. k /dx i ) ) -<ooi3) 


[0 159] 
[t4 0] 


— 2 IWVy/^rjjJWry/^Xj) 

+(<? v^a? rjjX^Cjj/a r^xa r^/a x .) 

)- (i?cos<? ljk >(<?cos9 r ^) 

-(0014) 

— -|- { (<?V../^r ij )(<9: lj /5r lk 3( l ?r 1) /$x t > 

-C0015) 

[0 16 0] 

5V i;j /<9rij 

= 3 f c (r id )/<9 r id ■ [Aex P (- A,/^)- b id Bex P (- A,/ r > j) ] + 
fc(r-ij) [-A, Aex P (-A 1 /r ij ) + A 2 b i jBexp(-A 2 /r ij )] 

=Aex P (-A 1 /r ij ) [di c ( r i6 ) /d r i;i -A 2 f c (r iS ) ] - 
Bex P (-A 2 /r i;i ) [3f 0 ( r u ) /d r id - A 2 f c (r u ) ] b i;j 

•■• (0016) 

3f c (r ij )/(?r ij = -7r/4D -cos [tt/2 ■ (r-R)/D] 

( R— D< r <R + D ) 
5f 0 (r ij )/5r ij =0 (rSR+D) 

••• (0017) 

aVij/sfi^f^Vij/^bij) • (3b i;i /o> Cij) 

= -Bfc(r ij )exp-(A2r ij )(-l/2n)(l+/3nr ij ")- 1/2 "- 1 ^ n ^ij' 1 - 1 
= Bfc(r ij )ew>-(A2r ij )b ij (/8fi i >»/[2 {l+(0£u) a ) tij] 

••• (0018) 


(20) 


#Hfi¥ 11-17 6 9 0 6 


[»4 2] 


[»431 


5 r id 

= 3 A 3 3 £ f c (r ik ) g(6 , ijk )exp(A 3 3(r i;j - r ik ) 3 )(r i;i - r ik ) 2 

■•• (0019) 

dta/d r ik = df c (r ij )/dr ij ■ g (<? ijk )exp( A 3 3 ( r i4 - r ik ) 3 ) 


•3 A 3 3 f c (r ik )f c(r ij )(r i;i -r ik )2 


(0020) 


= f c (r ik )ex P (A 3 3 ( rij- r ik ) 3 ) d g(^ij k /dcos<9ij k 

f c (r ik )exp(A 3 3 (r ij -ri k ) 3 )(2c 3 cose ijk /(d2cos^ ijk } 2 ] 

■•• (0021) 

3r ij /ax i = (Xi-Xj) /rij=d m/d^i 


3r ik /3xi= ( xi-x k ) /r ik = 5 r id /5 x k 


(0022) 


(0023) 


3cos < 9 ijk /5x i =l/(rijri k ) • dPijk/.SXi* 

Pijk<l/(r- ik )5/5Xi[l/(r ik )) + 
l/(r ij )5/5x i (l/(r ik ))) 
= l/(rijr ik ) • (Xi-Xk + Xi-xj)- 
P i jkUx i x j )/(r ik r ij 3 ) + (x i -x k )/(r ik r ij 3 ) 


= l/(r ik ) {(xj-x^/trij)- 
(xi-x k )/(r ik )cos(9 i;i > 

3cos<9 i jk/i5xi = - l/(rij) ■ i (xi~ x k )/( r ik ) 
-(x i -x- i )/(r ik )cos^ ij ( 

3cos6'ij k /5Xk = - l/(r ik ) ■ Kxj- x d )/( r id ) 
-(Xi-x k )/(r ik )cosi9 i; j} 


L(ri5 ri/5 t , V, dV/dt) 

=l/2Im(5ri/5 t ) 2 - U ( r i) +1/2M ( 5 V/ 5 t)*-P B V 

(3L(qj,q' j)/5qj)-dOL/5q' j)/dt = 0 


••• (0024) 


(0025) 


(0026) 


U^ySil'-? I Itcfi, ff5-«A7Jafc LTte, 
I8C^U;7r^K22), (32). (42), 
(52). (62). (72) tffrMEaiSJl* 

(IP*>, crx, sy, fiz) , (IP*>, ex, e 
y . ez ) , iaK&fc'TfcS. ite&EfclBfnSZ*) 

[0 16 1] ffi*, flS-Wffl*fcU-C{4, 

r ( t ) ^ttj-r < 6. *LT, 08fc*t^7r-f;w 

(23) , (33) , (43), (53) , (63) , 
(73), (83) ^^MgjM^^ll) . X, Bl«rtt»aj7- 
I I I fc J 0, 3te¥W • • ttilSWKtt 


■■■ (0027) 

( 3 ) ^tKj*$ft 


[0 162] ttz, @9(C, ifLffl 2 • 3^rn^X-/ 
Jil/-^ (08C7) (la)) <7)X?ii'- J ry*<n-W 
Ztt,-?. ifc, 01 0(3, la] t < mffl 2 • 3&7cro-te 
Xy^l/-? (08<D (10)) cok3tAfc-?<OA;fi 
x-iryxSr^-f. 09l:^Lfcrtiti Mitt. Zti 

Br-t»*C*&BMkxe<OfiMllKW, *ai^. #*a^ 
[0 163] flW5r, 01 OCDA^v—^*^ 08T" 


(2 1) 


#gST 1 1-1 7 6 9 0 6 


[o i 64] *wmt>&* mm^7-y^)Vk 

(2) BrMco^— if >"^a 0 $ tlX V > I) x «v ? 

[0165] JMSift&RfcttJRi: S i 

fete, 5 h\z. WitMtU, £B?±fc'<o!I 

[0 1 6 6] *««»»fe«4«U«»flflWlfc«=±9.« 
[0167] fifcfc, «^7C«*«*4<l"CV^*Sflr , WHF' 

com^m^m^m-rt^tLxa. abinit 
i 0 ftm*¥m*m~jmft=?-®Mm<&mztixz 

fc. ab i n i t i ofl^»:fc^ia±fc*Sft^*fc* 

5E 


«A (Q A> = E A0 +Q 


0Q 


AO 


^\ ®&cD-mmfti>tz7 7z.?zftmtLx, * 

ZtiL>CD-%mXl±. Thn&SrftzttLXi'z.V 

1991#-t*s AXRappefcW.A.Goddard#"Charge Equilli 
bration for Molecular Dynamics Simulations" t 

ajSrfiSSl/'C^S. A.R.HappefcCJ:-' 
T mm 3 ixt v * h 3>BL=Hrt-izis It 5 «KfS-»#ft * 3 
83ft U S^< 7 )7C*^A^-jSffl^'^4J ; 

m-^ s Mmmz hmmx-zz tmi£tt yuw-y 

[0 1 68] Rappefefi. £-f , MiJf ^X*/l^-E 
[»44] 


«^*««£+ttfc^*>x*/I/*-tt, (303 1) 
^OQAtCO^ftAL-C^^nS . 
[0 169] 

E fl (O)=E fl0 -(3041) 
g^lg'l jj-y-ftLfcB^X*/^-^ (303 1) 

E. ( H) -E .„+ + 


5Q 2 


••(3031) 


AO 


[0 170] 
[»4 5] 


( ^ 2 )« 


-(3042) 


-(3048) 


oo4 2)h(304i xnrnn ^^f^^WP 

0E 

I P = E A (+1.) -E A (0) - 


[0 17 1] 
[8*4 6] 


AO 


dQ 2 


-(3044) 


AO 


-EA-E A (-1) -E A (0) 


<? 2 E 
<?Q 2 


AO 


-(3045) 


(22) 


ftm^-l 1-1 76906 


(3 0 4 5)5frOEAte-##^TV^<7){i, %^Mh<T) 
tzmz%htzihThh. (3044)h(304 5)C0£Z 


[01725 


ci P+E A) =*: 


AO 


ttz. (3044)fc(3045)<0*lS-i:St. JJ^* 1 ^ 
OA-?. 


=IP-EA 


2^014^*^. IPfcEACOMii 
W^ra^-nyffiS^fflWc^o-c^^. Sot. -£A$)i 
il^c^^ Palco ? - a yJr^J £ J AAO t t , 


I P-EASJ 


(3053) 


JAAOSr idempotential h B?^d t ft* . 
*KJ:0. l)liB»4e*^Wki"S^^ Hartree-Fock^cO 

.2 


14.4 


C it* . JAAOiieVmffi s Wi A$.$X'h h . (3053) 

Jtfliu (3 o 5 4)^*»fe*»fenfe« ; Fwiagii^« 


E A (C V =E A0 


• + *A Q A + 


2 


J° O 2 
AA A 


SQ A Q B J AB 

JABiiKi 1 A.BW+'^^l^m^S)^ 8 *^^ 
-a yffl5^fflfS>4 . JABtiABHeOlBiktfcff'f 5 . 


(3051) 


[0 17 3] 
[»4 8 3 


■(3052) 


JS-JSJIitS-Cfltff StlfcJAAi: (305 3)^c0ffi(i^ 
4"*5r-?T<£#\ i£Tli(3 0 5 3WCS£fcW"&. 
[0174] Idempotential JAAO fc JSi 1 KSRAOiOlHI^ 

[0175] 
[S4 9 3 


•••(3054) 

[0 176] (305 1)(3053)»^t 
If(T)X^'-(3 0 3 1 >tt, <9&rc*»&. 
[0177] 
[»503 


H (0, 


2: 

A 


< E A0 + *A <V 


[0 1783 
[»5 11 


7)5!i"t*£4. 
[0 1793 
[^523 
,2,0 


••(3055) 


(3056) 


«A J AA> + ^ B Q A"B 


AB 


(3057) 


jr 1 (Q r -. Q N ) = 


[0 180 3 
[1*533 


1 * 


2 B 


2 A 


A Ai 


- *7> 


?. J 


(3058) 


SSfi^tt(3 0 5 9)*^. (N-l)^<7)3li:*S^ a*ft£>*v&. 


(23) 
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[0181] 

X>\ ~ X 2 = '" 


S J 

J 


(3059) 

n N 
+ X 
J 


J Q 


[»54] 


••(3061) 


N 

>- Q 

j 


(3 0 6 l)(3 0 6 2)£vhyy?;vCSbKf6fcs El 


CQ = - 


D 

— Q 


tot. 


(Ni j 21) 

(3 0 6 3)^»<t^->T, ^M^VrfflROf*** 

0 6 3)5$£1g]ELT-7HJ>:'7x£J)?£> JBU&Stf 

14.4 


J AB < R AB> 


AB 


n ' J 4* (2 a) ! 


B-i.-i 


(306 5)*fcfl§vvciFFtf>¥*iM x&$#>t t . 


CO 1 82] 
[»55] 


[0 1 83] 
C^C56] 


•(3062) 


•(3063) 


C o i 84 ] i^JSrtt^+Tffll^iJwwiwrc* 

C8SC57] 

-(3064) 

h. 

CO 1 85] 
Cl*58] 


[1*59] 


2n + l 


2C 


CO 1 86] 
C$60] 


2n + l 
2R. 


-(3068 


-(3066) 


■•(3067) 


\\tW£&L<7»^**X\ (3 0 6 6)*T4ife*lfc¥ 
CO 1 87] X^--yy/A'7^?Ali;, 01 6(CtinL 
R(Na, K. Rb, CsK XSA?-f F(C 1 . B 


0 6 2)5&K>. 

Qtotal = Q«+Qx = 0 

.-.Q x = -Q„ -(3068) 
(3 0 6 

me i] 


(3 


(24) 
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*l + f J Ii«i=*X + ? J Xi Q i 


(3 0 6 9)SC(3 0 6 S)jH£ftX-t&b. 

( J mm — Jnx — Jxn + Jxx ) Q« 

J n)( =J XN -(3072) 


= 5-0. 


„0 0 


(307 3)^<n^m,i.\ti»x'hh. t\nztitAfrh 

[0 188] 

^ HX =4.80324Q H R MX - (3074) 

Rmt&ii&fficD9mmx'fcz> „ 0074 

-^>- h comfit A<7,£jMfc LT0.49 

B/Wf'bixTV^ ,IcOA$:fflvi|.i:(3 0 6 7)^ t t 0 
JS^«»l3If f #0 1 7 OiScOffifc:* £ £ . 
[0 189] rkmzmLXlt, Rappe^ii. MCDjcmt 


(Q E ) 


('♦*) 


[»62] 
[»63] 


(3071) 


•••(3073) 

[0190] *3&<^m&tt££MullikenfcPaulingffi 
W^SLh<0«i:Jt«-r&t— StLTV^V\ Pauling 

Tli . 7K3R(±^* J: 0 WKNHfrC . ± 0 b^Mz 
m%$iitX'h&<7)t<Zttl. Mul liken "C(i, *^JiK 

Bf coffi J: 0 t»/hS < & 5 fcft-C* a . 

[0191] ^T. EAH£38Rfcl/C. J 
0HHfc£W5£*-$-&. 

[0 192] 

[18:64] 


•••(3075) 


*°„ = 4.528eV 

J° HH (0)=13.8904eV ••• (3076) 

ftfc*#fc<OiH6*»£>. *°„=4.7174eV 
JO HH (0)=13.4725eV - (3077) 

[0193]^:, 

[0194]^°, JAft°«i> B J3£>#H;r, JK^flfiS*^ 
Li, C, 0<7>%&\,Z\&^ T^Z^kVtzX 0% 

smiizVKitmth. mwtbei (Q) =°° 

[0195]7HJ ^X(3 0 6 3)^t*«>tl 
ItSr, 01 8JbSia2 0^7?;t^^^*5HP\I^S)l> 

mmmz®%.-f&. 

[0196] &±tfRappet><?)^mcr)f>bt LX'hh. R 

appe^ti. mft^mz^m%cott=F£mftLx^h . 

y ^ - v ;U t v ^ W^ft * U . tS A* tJ tt 4 ffl * 


izx h mm m^-A * a** a . 

[0197] (30 5 7)*&ja»~Wi, -$-^TO*fr& 

£ £ 1 Lfc . "T'Sr^^ , #*x*A^-J4* 
*#/h § < , ^ WlK^ 6 ^» fc * L Si V *£ 

[0 198]£OT*£, (3 0 5 7)^9^;W+OJI^ 
*>feS(tSt?Sx^;l/df-JAB{i: . tfSc 

V\ JAB=l/RABfc— fiSB-kWi't 

, (3 0 5 1 )3SHifco*(::SaE$*i5 . 

[0199] 
[S65] 


(25) 


1 1-1 7 6 9 0 6 


( E A0 + *H) + f B <WAB 


2 A, B 

1 Q A Q B 1 Q A Q B 

+ S S —^-2 S - 4 - fi - -(3081) 

* 2 «ABv 2 AB R AB 

(3 0 7 8)^3831^ 102001 

1 0»Qb 1 Q A e B 

— sz S 2 —^-5 2 S S __JL_5_ er f c CkR^J 

Z A B v Ry^ 2 A B v 


2£2k 2 


Q.Q.eip (- I G l 2 /4k Z ) 

s s s:-=-i 5 5 »ip < iGR »B ) 

A B G !G|V4k z 


/S- A 


-C308O 


fc«U 


Ry^lv + .j-fjl — <30835 

8 2 ) ^*a^-««4 * =0a-3A=BW3l{i:^ * "f . 85 ~ « [ ifc 6 7 ] 


(26) 


11-17 6 9 0 6 


<?e 0 1 


— s — 


2 B Rjj Z A H u 


-e r f c 


2 B v R 


< kR iBv ) 


iBv 


2 S S 

2Gk^ B 6 


1 Q A 

+ S - — e r f c (kR..) 

2 A v R My 

Q|.exp (- j G I 2 /4k 2 ) 
-? 5 5 exp (iG RiB ) 


G | 2 /4k 2 


2k 


* Q.exp C- 1 G I 2 /4k 2 ) 

f = S 2S— = exp(iGR A1 > ^ 

20k 2 AC I G |V4k z 


= ^S Q,J„" S 5 — + S 51 — J erfc (kR. jy ) 


1 I 3 lj J R ij J v R ijv 


— r s s " 


Q.exp C- ! G | 2 /4k 2 ) 
I G I 2 /4k 2 


e xp (i GR^) - 


2k 


•(3091) 


So 

[0201] 


(309 1>5S£ftALT, 
[?&68] 


(3092) 


(3093) 


(3 0 9 3)^T**SNffl«0it4*g3S*»< Cfcfc* [02021(309 3)**»^C8-W)Vhy y?X* 


(27) 


1 1-1 7 6 9 0 6 


[0203] 


[169] 


CQ--D 

A-<xT-x?)V^a-Q) 

^(-|Cl'/4K a ) 


(3094) 


14. JU WSHMfeft^JtU^^O 0 9 4)5t£#Wf 
ftV^**6ftUfc. (309 4 )3Wi*SQfc*t LXim 

[0 2 04] S£>£. £tt*fc*>fc-5T 

cT 1 


[".^^-(M-I-^N 
M**HH-fB*i«] 


?-n>Hf#JAB. (iRoothern^ftSrffl^-r 
ft* Roothern£>J±, ^-o^Wfl-JABKii, t 

\^wm*®R*&. oioi >*-cje«snfc 

[0205] 
[170] 


5* +5* 


(3101) 


mi i ] 


(a, a' , 0, 0' ) 

= ( l+r.) a ( 1-r.) «' ( 1 +r„ ) /? ( 1 -r b ) 0 " 

[172] 


(3102) 


(3103) 


(28) 


WS^ 1 1-1 7 6 9 0 6 


* ^{ll - Iftc - 44k' - Sttt'Jp, J** 1 "- 

-(»+^[^(i^2&*l* t -4 K J ) + |{3-a c+ K>» + |(2-K)p^ + ^p^]«- , - } 

(3104) 

<D & * % (3 1 0 4)5Ui«TT*#* 0 

I -'^J p\ V 256^ 128 F IM* M p » P I20 P j 

— (3111) 

r, x*;l^fH4Hartree^«fflUTV^. 
[0206] Roothernfe{±ls,2s,2pK*ff*^-oy« 

[0207] mnrnzmmm-** < §mtt . * 

Si-(K>Si -Si o %&<?>i<K>mz^\ ">T M^fc . 

J A 4. 5351 2279 «» A 631 ~» 191 ^ 179 5 7 t 

W ? W' + 55dP"* idm^} 

- (3112) 


[0208] Rappe^Ji r^ft^^nsHjfiKftS fc<£ 
Vtf&MX'hh frt V * 5 ^fi^BJT"*) & . SicO± Iff 

*ffifc(H£v\ Jifl&fflSLfc. fl*lf. Si 

[0209] 
[»73] 


(29) 


ftffl¥ 11-17 6 9 0 6 


7& b'^cittfM^ •> £ b IMtfrk . b Z hifSi -01905 7 -a 
\zfohb ^rVHb L/s*^<o JABcoftUDS*** Lfc . s 

i comM i3st*mzts < b . 3s«ta3^^fci£3&« -» t v > 


>VbLX\t. ls**v»tt2s*>Xl'-*--i«fcflivv6*> 

[0210] ittiECfc . #%Bj^t^ r 

[»74] 


(3113) 


:7 5] 


A/ 


(3114) 


*B1 (Q f 


■«ir" Q n-«i> 


0Q 


Bl 


[8*7 6] 


2: 


J° Q 2 


a i 


0Q H1 i<j 


S «Hi Q W J KHJ + =' Vau 


012 1 m&mmmmr&comizm Hcr»#ffi* 102111 


•-(3121) 


(30) 


ftfflW- 1 1-1 7 6 9 0 6 


<?Q H1 i<j 


S Q m Q Hj J BlHJ 


9 1 / I I I „ \ 

- 7" (f Q BJ J H1HJ + ^ Q Hi J EiHr 2Q Bl J Blil) 


_ ^ Q BJ J BUj Q H1 J HIH1 


I 

= S<3 


fA'^J -(3122) 


0 N 
J Biai e Bi + . s J er j Q j 
)= H1 


•■- C3123) 


(3 12 3)^fflV\ 7K5R«iEBtc0vhU-y^X(3 0 U 
6 3)tSOe*JlliS*fc:'S:l). 4-. zl*vi<*I^h^/I [&79] 
^X'hht-tht, (3 0 5 9)^(3 12 3)^$:ftA 

' B 


(( lh ^r QBi )l 


' HiHi J IBi 


3-. 


Bi 


Hi. j 


-(*5i-*i) 


7bU7^X(3063 ) k Jt«"T& t . #*<9JiiO£ [£5c8 0 ] 

[0212] fcfc«^*-ayjJC?->'5'*/VJAH0>jJ< C^CS 1 ] 

*UB" N le 


(3120 


(3125) 


[0213] t^*ft&f*C9j&W:: t . #36«Di#£fcF? 
[02143(306 1 >5», »IM«=B»eUfcWWB 


(3 1) 


f$HFF 1 1-1 7 6 9 0 6 


[0 2 15] mS2] 

fix N-m 


»-flx 

S CJ iC -I lc )Q c = 
CMonfix 


Bfix 


■ 2 J !C y C 
dtonfix 


(3 0 6 2)3$£<3 1 3 1 )^C3Se-rft f: , -?HJ 

of w 


N-fix fi* 


0F_ 


fix 
Bfix 


±^<0«fcvh'J 7^x^^SU. «W*«IMfefr<0 

( h'tf ■•/ hJM^) & «fc 3 1 Lfc. 
[0216] *wmk\t. ttA»2K^f AW*^*rfc 

LTIRX^? WW^ajSrff-?*:. 02 314, JJUi<0* 

[0 2 17]-*-, 1 6Gj.m<0DRAMtmffl$n5 
y— hSMfcffl^N AND E E P ROMO h i^/UfMb 

EEPROMfctJV^Tli. ftlEIVF 
[0 2 18] M^W* 1 ^ Si/Si0 2 ^I 


[»8 3] 


-(3131) 
-(3132) 


•••(3133) 

mm*?, s i o 2 cd v 9 v y-wmemm. mmmmn 

[0 2 19] ttz. mmte&cOMWtLXh. r +'W) 

>ts i -o-s i^fiBtonmnh^^MMt^ 

i-O-Si, O-Si-Ott^ftHWMtf^tt 

[0220]ilt. #^*^*£JIL^--^t 


(32) 


ftWP 1 1-1 7 6 9 0 6 


0X&*MS>^iHl'fc. ZZX\ van BeestlC 

[022 i] zcov-fmzmmizi&rj 
m^-gtv^^ft^KOi^^. si-o-siM* 5 

[0 2 2 21 t-IT\ A. R. Rapp 

Xi Q JimSUfcttK?* 0 , TIS^ (16 5 
2) T«Six!>. 
[02 25] 

Xi o= 1/2 ( I P + EA) •■■(1652) 

o , ties: (i66i) x-%M%ti&. 

[0226] 

Jii= I P-EA ••• (166D 


efcW. A. Godd ar d IIIKi oT*S3K£iVt 
v*4^£fflvvtTO#flitW£fT-';fc. 5!fflffeXii; 

"Charge Equi 1 1 ibration fo 
r Molecular Dynamics Simu 
lation", J. Phys. Chem. , 9 5, 1 
99 1, P. 3 3 58-3 3 6 *%PMt> 

ITiE<0±. *fiS$:;"«?*-**Hl«:»Sfc?r->"t, «A> 

mmz^^xaT^Kh. 

[0223] W,^- i £Ofl|g"J<0^ffc i 6X*A*¥-Ei 
(Q) $r, r- 9-BHJW2»:4T#i'r. TES ( l 
65 1) Tififfil"fS. 
[0224] 
[1SC84] 

■••(1651) 

(Ql , -, QN ) W^H^cOX^^-fcll^ 
ra<7)fflS^fflff«x^;^'-J u Qi Qj <0WT*>S. 

fflSfMTC**. AM, TIE^ (1 6 6 2) tfjfcfr* 

[0227] 
[f&8 5] 


J.J /I 1. J 


•(1662) 


^X^-^c^ft^f-yxA'/Wi. TIB^ (16 6 [0228] 

3) X'5-lhtih. l»8 6] 

(1 6 6 3)*. TOm^fett, XI =- = X [0229] 

N tCftA^* k . Tia^ (16 7 1) . [»8 7 ] 

■ffcab^ TI2j£ ( 1 672) #f#4>*l*. [»881 
[0230] 

N , v 0 Y (K .-(1672) 

8 fefe. TIB^ ( 1 6 73) fc5^£«*«D*fl*#* [023 1 ] 

+6. ^ 89] 


(33) 


&ffl¥ 11-17 6 9 0 6 


Jii«K*PT'*>-5T, fcJ^TfB^ (1 674)t* 

14. 4 


A-rs t . Q(c»t4TiW (i68i) icsrraidr 


d l — «tot 

rf -X°-X D 
°i -X i *1 


thinks 

CQ=-d -(1682) 
fcfc*. H*TJ4CU = Qi . Cd =db*>r>fi:ff. # 

feC Si-0-H«WlW»**«*. efiWfr'*?.* 

[0233] wi^s*^^ 1 1 x-mmztiK 
r (t) ) t z^s-wttcT-w-mz . 02 

[ 0 2 3 4 ] X, 7°0-kX^»*ffi^- "/ b I fcOWC 
{±, ^(02<X7H)lfflx^7 i A£0-W*S, WWP3- 1 6 
4 904^Ctes»$iXT^&. 

[02 3 5] 3^7tC0Tn-feX>-S Ak-^ti. 4-0* 

#Wo-fcX3£Kj3ta^--y M l 0 ) 0»£tr3<K 
w-^kiOj^tfWCSb&ik. - w 


•••(1673) 


[0232] 
[»90] 

-C1674) 


[»9 1 ] 


•■■(1681) 


j. mtfh*). ztie>w. s[flsemffl3<jDcro-fe^iv 

5 j.V-^tc^jsnSicOT**)!.. 08Tii, (2 
3) , (33), (43). (5 3). (63) , (7 

3 ) . ( 8 3 > x-bh. mti£ > iMt»i*<oii£iiBaft 

fi. (23) |ClB83ft«:bfrCfc*. (BS***^*" 

[0236] iaffl3<X7C7 , n-feX^Sal'-^ (10) 
MX'. A^r-^l^o-C. »5^ovU^K^lE«« 
c0XSttiBJ6*<0tf«*. ( 2) * ( 3 ) X\ trV\ £ 
OttSfcs 7T^l- <22)*7-MJM3 2) 2r^t 
T\ I lc|£j£U £>&V> 

li, BTjftaffl^SaU-^ (10) fcMU 

tt^s^iaffl^sjLk-^iciiioa^x iafflvSai^- 

[0237] ^fft±IB^mfflru-feX^Sa V—9Wt 

x-<rvmmwGti%*** mij^n-eMMz, (aside 


(34) 


8WP 1 1-1 7 6 9 0 6 


P(gkLTf4S iS^WStS^kt&^ISJS i£&->TV> 

-fjfy&Atts^fr (4) Tii. ife^/u stjmmc 
%w ttzis»-*M v-jm- mtiitM&ft ( 7 ) t* 

[02 38] bZ?>X\ m&COZCDifc (8) tOV^T 
t . ^- bjSi!ft& . LSI S^KfflST, K^fc • ffii* ■ 
4;t>iiA^t4, HtlKwf-^**:. .lco:rn-t 
x^i&HajjL- -y K10) izli, 4h&W*rtS5gR# f *8 

W** (1130)^(1131)«PB1^PB2* 
#<Hl"Cfc*. S i O 2JR4^I8^«t£ll*59ft 

&k'J4. at» if 4* ( 1 5 3 1 ) tfOD ' Srk'a^fv? 

[0 2 393 L*>U LS I raSS^+T'lis *f Ltf 

mfWR^fflvxt^^'J— feyK0lS#ffll6*#tl>. CD 
V&^JiX^-y^IgSrffl^'C, PbT i 0 8 Sr»«-t 

( 8 ) cttEgKA 0 , -T< - '£ 4 s (84) 

iffliiWi'Sau-^i itc— .at?*, -e^-e, &s 
t a . tata^T § /sawj- k ^ t ft < <rt v >s a*. 

(83) ^iilfe«fttt3@fc* I 7T^;l'K*fttt8<l 
S. -f LT, 7-n-fe^S3ft»aii--xhkRtJ:5t=L 

[0 2 4 0] lit, @9*#raL-C. AfcW&J&Sfc: 
BPWrSyUiSrlTd. z\Z.X°\&. BMtXS*K0±frf6. 

U IMfclgKAS. 
[024 1 ] ^wSMklfitrtt. ffilitf « 
*<0*£ffl;lHr» PoxfcU 4fcs ,r*UD#fc£tftoxk 
UTfllrt'tt. X, ffffl^- ^yx(4Tempfc U 4fe 
£ iXtfOfl-ftS: crtenp, /^7*^— ^yx&tox. tftoxlp 

nrnzmmz. mz. wris-i-v***. zzx- 

[ 0 2 4 2] fck *JS\ H8T14, ( 2 ) WKfli • 


\ l zmiift%*>-mht 3 ixh. zcom. (2i)&jhwc, 
[0243] ztthcotmmmt. man. bmurojs 

itffcj&k S i £<ot*4s ^FfcE 

lZ Pox=Pox+ erpox-^\ Temp=Temp+cstemp^<7)g|5 

fl-fcowct. BHURwrt***. BtffcJRk S i to^ffi 
ZtihfiK -B.**:V&t:\i7T4)l> (22) izti<h 

t_t>ti. zlx. Ki-m-h^Mzmhtih. #=mh 

^■ftX'iZm^&tLXZ.iX^tfXJlZti. iilM.^-? h 
)Vr (t) 

[0 244] 01 014. 09kR&<O?fg0£75L-CV"> 

& ; c: x\zmmwm<nmmzmtz> h coxh s . 

[0245] k.r^T\ -C*f6BH-c-<O^BrgS^»c:RI 

■fzim^'K^xisK, mi nz. *mtmz£&2M 

^LTlr^. 0*(Ct>ffitfcJ:d^, ^ClT'(44-r. in 

mmi / zm^x\^ft*M r )±.ifWtWiLx^&« ^-a-r 

hb, ?>C<0#«SkUT, inlibit— ^*»fe3»ftS*l* 
1 RX<? h/W#-Tks tm*^^*$ii-* 1 R*- 
T'k^Jt^-fS. ZLX. m^LtzWiZ, x^ 
^h^Srit^tT, 'Js-L-fixX^tzHr&X\ ^ 

4 k . <X<0#^# k UT. Si 02*HzffliJ&ltf** 

<%mLx^hzttf%thtih. ztix\ scorns. 

@8C0 ( 2 ) tcA^Sii*. ffi^ ^^*it^ 
n=^Kia(=A^TV>fc*&(4, SWn-b^x- 

TV^V^^C(4. f^IE^tgkL-C. ^ft^aSrff^ 

[0246] 08teKILT\ Wfo-T-9<nW.tUtZ.tlX 

faUvv EP*>, 5lff*S*i4, -M, 77^(3) 

\z**.t>tih. zz.x-\i. &xnx'*tbfz. xmiznm 

[0247] 1 A(4, Wffi. ro-fe 


(35) 


ftRPPl 1-1 76906 


*5«fctf#ll¥3- 1 64 9 0 4-frt*£. iiX^WS^ 
A. -fb^WJtffi (CVD) s x.v+y? % VV??7< 

[0 24 8] WWHS6 3-1 74 3 3 1 -ff-fc it^BfPF 
3-1 64 9 04 f C^fy S a y^^f 

«B&£, 02 5~04 9Sr#^LTUiBB-ri>. Cfl£><7) 

tUfcfc&i:. ^fejcoSJK (T) fc^fFgA^o^ (5 
T) , ¥^iB#ra ( t ) b*to¥f&JU~3% (st) „ ¥ 

j^ffTi (p) fc-ewits/^os (jp) , mk^-? 

XS (D) fc-f-Of^M'^-p^ (*D) &£:'* { A7)ttT 

H (C kf j CT) . T) =B (C k (T) ) 

•T^T'k, k + 1 liB^BTCfc 0 . B^Mk -+- 1 <7)i £«DT 

(1 072) «9*2Efci$fe-f4t>«0T*>4. 
[02 53] 

3C/5t-(C fc4l -C k )/t •••(1072) 

IE#ro-fcX<0*&-&«, HJrS^S£i!B#ratn+l #g£T 
SriSSt^fJU tl , t2 , tn+1 ^T1I<XW2r 
#tf>Tfr<. ZZX'liZtlZtwmL tl_, t2 , 
*" (c wi c ™ ■ CT) ' ec k+l 


[0249] rn-bXv'S jlP— ^tt±s 02 5£Srf 
■VftU-l-yizMtS&b (deviation) £ff3S 

[0250] ^ co^^mz-o^xm^m-t h . *-r 

e , «««?i§ttflS^«ft»*Ni: LTs F i c k«»2 

T^6. 02 6^fflV^T^It*^#Hl?r^o i<r 
T\ 04 3 «£fflJ5rJf^7°a-feX (Normal pro 
cess) k.~fh« 

[02513 imimmffiftte. tie^ (oo7d 

[0252] 
[&92] 

•■•(1071) 

•••, tn+1 fcrfcWCN e wt o n&£fflV>T >Ifl4>£l£ 

[0254 ] ^tbro-tX (Process d 

e v i a t e d ) fcOWCUfcBJI-f S. H ^T'l±t£lftUJ£ 

ht. Bf^Jk+lCOB#c75^5-CI<+l (2, TfciS ( 1 0 

81 ) lz£ omztih. 

[0255] 
[»93] 


5C k - 


<?F (C k+1 . (T) 


JT 


••(1081) 


D, </>, N, C«8f£ft#LT*5$, £ilS>*fflVvC F ' 
*. 5 Ck+1 d^T'F' £ffr£-f£rt:tf>0W 

5ni = n s ( 1 . 5/T+0. 

gfccOiBAiSfi (Oxidation Enhanced 
Diffusion Effect) CO^jfl/ZMLX 

BHkie"Ctti8J^Mk31K«» (Line 
ar rate constant) &t*8$!l8lIKt£ 
(paraboric rate consta 


iz X n X y x jv 5 p'Oi-fr'SM b L, £ fiC «fc -?T??i 

(i, (1 0 8 2) t^J: 3 t^S. 

[0256] 
[SSc9 4 ] 

6 0 5/kT2) ST ■■■ (1082) 

nt) t,^-ft-r-6<0T'Citt>#«Lfc. Ztlbtm^X 
9t<7)F' tlffith. 

[0257] hhmM%mam*m ±. 

(f , -^tfO 1 owf£K^IBC«»t6fRJB<O«H ! -*02 7 £ 
122 7co«ltttiR«[H]8St2r*L, «(i^H$r^ 
LX\*h. 02 7f'(i, H^y'^-tMz^hU^U 
tfiUZtLX^t. JE^P-feXT'ti. 3IUcONewto 


(36) 


mmW- 1 1-1 7 6 9 0 6 


n 1 oopt'KSSL-C^S Z<7)i\mft 
COD , tp , N«SrfflVvTjfcC*LfcSMMTMF' SrlfrS. 

BTIRJK L . £#<0 1/10 OfttttTSM/CV £ t 

[0 2 58] 4fc, 02 8, 02 9, 03O{i, SE^cO 
«g£*-f . 02 8tt, iEST-D-bXt LT 1 0 0 0°C 

•Chi, H2 9<±, <?T=1°C 
3 0i±. 1 00 l-CSrjESero-feXfcL-TtT^aitfcfc 

[0 2 5 9] rflfeOH* 1 ^ 03O<Dffi=02 8<7)tt 
+02 9<O«!Srl > Rlfifi3&«*>*ii:56 < *>*»*. 2»b 

[ 0 2 6 0] £<<DTn-t 

hh.mui. cMosis-cJii'&fc^tTt, 

(i)N-wel HW**^ 3t^aA. (ii) P~w 
e 1 1 mm^(0^ *y&A. (iii)LOCOSIgcOfc 
*bcOS i 3 N 4 ^N°^--y^\ (iv) LOCOSIS. 

(v) n+ ^yftA> (iv) P+ -f^r^aAs ( vU) 

(sgti^Jg) fctt Oft 3 

[026 1] ^gf1BS6 3-1 7433 1 ^fc itmWT 
3-1 64904 ■^•Tti, ^^-OJKSi: MTCOtt^fr 

yjt — fftfpfcmZC (Center) , IBl^tiLtfc 
ffifeU (Uppe r ) , -etTft{=SH4tJtfil&L (L 
ower) fc^ft. *ft£><0«&£. WWB6 3-1 
74 3 3 l^*SJ:tmBIPF3-l 64 9 04-^*»fe. 0 
3 2CqrT«^«tT^. 
[0262] Iga k £ fc 

14, UU*LL*£Ot^fffc*#«ttf* CU, U 
C, CC, LC, CLC0 5mcom^h-t^lhtl 

6 3- 1 7433 l#feJ:^M¥3- 1 649 04-f 


So 

[0263] ^«^X7 i Aco4 l 'DSRTJ>l.fti^xy v-> 
<&SB»05*O— 03 3^-To --T'(±. 1Mb- 

f. 

[0 2 64] dOfc^fflV^ft^ttfi:, S-ffc-fctiSC-x 
V*>&. "9C # "f" ±e^(-tffifc*&«4. 03 3 

[0265] «gftxy>-*yW±. Common Lis 

i s t ) oil, j^Kcoj?rat-3i lt v%i>; t , s 

[0266] 4#WBS6 3-1 74 33 l-9*J±t^*W¥ 
3-1 64 9 0 4-^-(c:^i"v5 ya ^^tAC 

1 0 0cOltSliTS»^*WlT^ Si a 

Ifc, 7tti.ifCommon Lis pt'J: Sttfftxy 

[0267] WIWB36 3-1 74 33 1 ^&XXWM¥ 
3-1649 0 4#T{4, »*4Elfcfre*i±s 
fcitLTTfiyS (1111) fcSi-J-JfcfrCCV**. 

[0268] 

[SSC9 5] 


(37) 


WflBT 11-17 6 9 0 6 


(D ) + — CD — ) ± 

£x 9z * x 


Yd d 1 ,c 

I — (dn — > + — < DN TT > '"77 

[ 0 X (?x dz 9* 


• aiu) 


H-/3-FV 

0 = D, 


. F E I- D 


1 US 


cO&gtfffFttti. TfB5$ (1113) TSSlSflS. 
[0270] 

Di = BB • , I( (-BA/kT) -(1113) 


i Cj-c A r+4 Bl 


112) t;:j:'3*;b'tc:ktf t aj#*. 

[0269] 

[3*963 

•■•(1112) 

SSBTC*)*. F Elin i££tt*^r 'J T«ffik UT . T 
!B5$ ( 1 1 21 ) X'5-tbtih. 

[027 13 

[»973 

•••(1121) 


[gfc98] 


4fcn{il/2[(C„ -C A ) + <C D -C, ) 2 +4 

ni ^ ] Sfcfcni (is 

n- = 3. 87X10' 6 xT'' 6 X e „(-0. 605/kT) 

•■■ (1122) 

[0274] 

Z„ = A/2 ■ [1.+4B (t + t) /A2-1] 


[0272] tHfcKJfcJBMBi, tt«*IWbMB©RR 
1 k«»fMBMESSRR2 k s-fflv^-c-en^TK^ 

(1 1 23). (1 124) t*ti?t^Lfc. 
[0273] 

R1=PB3 ■,„ (PBl/kT) - (1123) 
R2 = PB4 (PB2AT) - (1124) 

Rfr t , r £5£&k l/C, TIB^ (112 5) fcTjrTW 

5 „ = l/4UC I) -C A ) 2 + 4n. !i ]-l/2. 8 n 1 .^ 


(1125) 

[0275]£ni=ni • (1. 5/T+O. 605 
/kT2 ) STk LX nCO^ti. TIBjS (113 1) 

[0276] 
[1*993 


2n. 2 (1. 5/T+O. 605/kT 2 ) 


ST 


(VC/+4n i ' 


■•(1131) 


£tz. TIEoS (113 2) tf&tiLtZ. 
[0277] 


[»1 003 


(38) 


nm^ 11-176906 


Sa 5n i ,„ - - 1 ) 

° V — a ^7 =(2 "cc D -c A )^4^ 


1.5 D.605 

• C + z> * T 

T kT 


•0132) 


_ ^ ,JtSt\t. TIB^ (1133), (1134) [0278] 
CJ:0ftbS*i6. [SCI 01] 


ffRI 5T (1133) 


kf 1 


R2 - PB 2 

<5R2 ; *T 

kT 2 


B = R1, A=R1/R2fc»*a»6*i:. TIE* (1 
14 1), (1142) fc^i-StwftS. 

B • P B I 

5 0= : — *T 

kT 1 


[0279] 
[R102] 


CU30 


- (X14i) 


6 A— 


XT * 


(PB2-PB 1) <5T 


CI 1*2) 


[R1031 

Z 0 +A 2, Z«CZ 0 +A> 

iSCt + T)« — (JSZ^dK) — 

8 B B 


SB 


2Z 9 +A Z 0 Z 0 CZ„+A) 


B 

2Z,+A 
B 


$Z 


Z 9 f A 


B' 


2+-~ PB 1 UT 
B f ' 


(1143) 


[0281] ^i-C*»W«*«. 5ECl«t**fa. * 

[0282] M*3H1 lfccfco-CJffcSix**) 

•riCfcfcO* KM I S*^<03*»«tt«£#ttafc 
3RtC»VvC* *MR«ftt*«S-f i n i t i 


[ 0 2 8 3 ] X. 1 2 tz£ 

Hzfotz 9 * KM I sswgs^sftissrmjaafc u 

*H*T* ^CO*^***^*^"*"* ab initio 

So 


(39) 


WpfflT 1 1-1 7 6 9 0 6 


ti. s i ^frm«* a a B a«±^ s tt^aftMM i s*^ 

b i n i t i oft^wi^mmzm? ^fzmmmnib l 
mws^Ka-f-s i fc imit-ttKMiiwms i m i 

[0 2 85] St*JHl4l;:J:-5'C«*&Jl**> 

tfcfc 9 s KM I S*^»y- MMSKfl* 
&*g A b L , L* J i>. R^WttfflR k K*ISft5*R* 

b i n i t i o^HKAI'SttOi' vvfcffffiWftfc L- 
T S&x*>W=¥£1X 0±ff , i <50 S &x*/Mf 

KBiMEfcO. 0 i%OTfcW*fc-k£#Bik-tsm 

^mis i m i s^mi^mm^mm-^mThh. 
l± . s i^wfMu&uHUi^ wmmiA I s** 
* *ts a 1 1 . t *» t . ts¥&#s« t kjmsam** 
b i n i t i oftTmft¥mmzm t ^fzmwm.b t 

swflsK^sflw* fc buz, mzmmmz^^n 
ammm&3 a amzmt>. ^mmmmwm^ 
&mxmw£*o- o i%aT^x.tzi\b^nmb-t 
s«»3»^s i m i s^m^mmcowtfjmx'hh. 
[0287] mizztih<n9m^m:^z, 

[0288]^- x-it. mtitmmwmt ix.mi 

Witf ( 1 0 0 ) Wk Lfc„ .IcoS&iSliM^tf&WE; 

( 1 0 0 ) fflfc £ k£>«fc 3 fclSAfiffltWiSfce**™* 

<o#^fc&WMB*k b"C»^x^;^'$rlXO-litf 
fc. L*»t>, ZOftbLXli. Si/PZT#ffiS:JKD 

EpJn^ftTTCOPZTt UTO^oT'Xtf'f hfc. Si 

(ioo) «otaiiw«iWTco*t^sw*«ia[-c*6 

^<0alttka2«l<0&^a<*> , t>«** Si (10 


o ) mi.cn [iio] Krtrifijt^*)-*. i^ci^i 

W\ Si S i 2:SS3S iftBSrS i (100)ffi±<OS 
i t-SS *4 Z. b tfmMfeX'h hZ\b*n.^£Ltz. 

ttzcwm. pzt*c=i±o. o i xwwm&xw* 
yf<%$mx'hz>z\bhn%ttz^Ltz. zcomzft&Ltz 

[0 289] H3 4Kf+V^fiMafcRBfl-tS. 03 4a 
<D±¥#«s S id|(?)*-^c0T33llSr*tTfc , 9. 
TWPZTf^y'yfTibl). ££\ 034c 
(i, [ 1 1 0] S iUMZttLX. ^n^Xi]^ 

jm.zmi^wz^h<ni?&h&^b^Wi'Lx^h> 

[110] Si CWi:^S«:tl ^nyx*>f h<o 

^hm\%^zxix\i. mz, mfxxihbs \ 

^x^;^>'$^>^1 0%eT^"S^kSrt>JLv->ti3 
t^. ^*^^fJffl^*^.^ PZT 

[0290] i i"«S»^4*Hx*7Wdp<iOiaiHmaT 

^cio, ^a^a^^KJ^^-kc^s. c: 
[029 1] xmuzx-oxftfovtz. mi sftttktae 

j<s,i/l otusTUTV^Cik*^*^. &tz*%.mz 

x&Mi sm^ms.m-nmmTX'fm'r^b 

[0292] *»Bj#*ii4-*Tt:*v^«rU^llliWffiS: 

*«*»W«tSE3&*ff*Ufe. ^<fiUV«ab i n i t 
i o/ft?m?)'¥i'z.^--? c Vffi&M'?$>&> 0 3 6 
*>_L¥4Hi, ab i n i t i oW^T, T¥^»±^ 

Wfll5a3& t *n^**> c ^* > ^^^« 03 7* s , 

iiA vaWSmX'hh. 0«f^*v^Hi»«*7nU, 

ilA Y<nb<TMb S i uofc?)ffi* 5 J5<^'tl>*^. -I 


(40) 


^fBT 1 1-1 7 6 9 0 6 


comizim&mx'h&<ox\ w>xffisu$8mx*$>&z 

[0 2 9 3] ifcft, JjacO^^ft^^SjLW-^tfOf* 

«fx7^kU. Ig«=i*EU #3tT-*o*tifc 

&S3Np£. O-Si-O-^Si-O-SicO. □•yJf>'t-F^ 

tl^rtl. 440cm- 1 i: 1100cm- 1 £*tL. 490cm- 1 St/ 
1111cm- ITS) 0- S^&SEB-C&S. 4feE**Bttn 

Lfc*&* o-si-ot- fosmmwii*-*- h z t hmmm 
C0 2 94] ztih<o®mFmzi>-tt#>%tft>* *^ 

m h it. P Z T * &ffiR§J£;>] 2: EPfln L ft *S 

it £ t o ftJi o ** , £x*H^tf)fflW** &Zti>hfr 
oft. 

[o°2 9 5] tm^^tzm^iz-o^xm^mt <i& 

LT#&. ftKTJiS i^Rffllfcs ^S^faKiH-M? 
Jf£k9, £ft* ^ffi-CW«tT#*|6JKSc+M^SSri: 

o. iz^mzm+m.=?mz t 9, tt*««fc 

ix-f ixa+S^/B-f -5 tot. 
[0296] ♦*Tfc*V^tt , r, *tLV\ ffltmffi*: 
Jt^ft-tfrftcOii. i<o*S-C«*TV^. #«3J#fc 

3f y^4?f-^A';WWte^*^3££ISf£Lft. 
Z t ft . <0HB*B» 

[0297] *^f[;i|, fc , OTiOi a WHBBT* 

SSL, -WfcLT, 3*^tt«^*»flu IMWtl^ 
oyx^^f HccavctttfcSrfT-oft. 
[0298] XmimtWEfSLLtl. xiiU- 

4. fctxll ±1\ IHUBfcovvci^T**. Si 


OISL S i - S i El^total^T-Vx-V/WiWSti'f 

fy $^mbi< *-c«*?l < nx-rrhwz z two* 
-r, ^-vmm^ifnx'im^^&xmmid^m^ 

[0299] saetBiaws tafc 9#& B J!*fe#^ 
ttmz&Tiz7ji-r. zzx-ii. i&embimtrcft 

[0300] *SMB«feJ4, «S«ft L. tHWWai't 
H'J 9 IU*g(7)ab initi o:5HWl 

^AfA£flf8§Lft. i<0»rLv^^TA*«*>-7fc*» 
£> £ * . *r L v ^S^ansjffifcSr -9 fcKT* § . J2lTt=* 
&9J#f$tffft& Lft bcotpm-f h . 

[0 30 1 ] iiTJiS i OjfcW^oT^**** ft 

ttiimX' Z&zth HIS L ft: . 
[0 30 2] *»^*«*«SyiCLfe*TLV^5jLV-^ 
0>£tt«j££II3 8l;:iM\ dfflfctfWW* (MD) 
sTO»(DFT) fc£-£j£Lft«LV^S;£^L 

ft. &i^ftwm^z£&tti L mfi¥mt®%imw& 

fc<9ffivyJHt£l23 9 ^fflv^**feWT^i". 
[0 30 3] 03 6^-r8H^ to=mh* (MD) SB 

(DFT) {4±^$rA^TV>&„ ^^i!)*^ft«*K 

fr*mv>t. ®%Bvm (dft) 

(4, shZK&com&VlBZSfr&Wzmo ifcfcLft. 
*LT, 3«DFT©aHHiaUWi*Kfcl,fc. t°f-y 
i/*;HSMHi, «^«»K««*^*toft. 

fflLft. 

[0304] *%BB#9t: i&i'S.xl'--? <?5lt^#^ 
St5mH;Sif:OSW{=i:9«B^L"C»S. DFTgB 

•CB 


-offl. o-oia. s i -s ii«3tam^fy^ 
^tUftK^eRWrWiWSrfe*^. s i-oSkO- 

< 0 BTtfSU <*»BB»*-ceF*"D«&-f»=) * : P»*B(r)«0«.MIkB[ii(r) 

[ 0 3 0 5 ] SD*> , v , , 

« W r)l-/.Cr)«<r). +// (2n(«")n(r'}} /( I r-r' 

+ T [n(r)l+I xc [nlr)] 

»• (2061) 


[H2] 


(4 1 ) 


ftWT 1 1-1 7 6 9 0 6 


[R105] 

» i-1 

smafjcsflit i & . * [*i o 6 ] 

[fl-3] 
W4] 

iSSnSo SEttBliS; CZ06 1) ©E[n(r 0 i*3^r»5K S 

^•g^ (Kohn-Sham equati on) [$107] 

V rfl (r)-V l (r)+/2D(r')/(l r-r' I )dr" + SI^M* )3/«»(r) 

... (2065) 

*W^T, BjgttEO/MV'JJfr&Nflmffi-f *. JC C2 0 6 5) 1= »<r)#A 
n(rX 

£ @R*jt^(self-consistant) dflfa^tixtf & ^ [0306] 

[*6] 


/^-e lc (n)tm^Sn?r»«t-C«*LT. [»108l 

g W r)]-/.«Wr».(rW " <Z066) 


fctfc. e IC <n)<D^«Wignerffi»*5:fc\ V^V^ft 1^1 

»^'A-i*lc<S«^^lt»'5^l-tt> 5(^ 0 6 5) ovi (r>t LT« 

»?-oy««»«*i»tft<. «©tt«W* [0307] Ax*jWf-fcLT. *WMWWM» 

WR^Ji^fcWt [SI 09] 

R-Z /^*Cr)(-,r 2 )* 1 (r)d + UO-Cr). «,).(« r)) 
i-1 

[^8] 

e frfc*) . ^ (207 1 ) frfcfcfflSSlSHiDFT W9] 
2 0 6 5 ) 

aoTsIntr)]?*^ SSI (2 0 6 5) MOSWS (2 0 7 1) ©UWlfflS 

(20 6 5) *>£>Veff 

£;rc»rU*t*.#fc.Mifc. E^fy^-i* [Si 10] 


(42) 


ftBHT 1 1-1 7 6 9 0 6 


i-1 1 i-1 2 


1 1 i-1 2 


:ii2] 


L = K — E ■•■ (2073) 

^(2073) tcoMjOsfca^itw h^v) ost* 

/ # 1 *(r.t)* I Cr.t)d =S. k 

Z A.. [/# *(r.t)# k (r.O* *»] 
i.k 

£Jn;lfcfc<W53MJ-S:i:a. *OtS* [»113] 

»# t (r.t) - (tfE/**,*(r.O) +£A. k # k (r.t) 


- (2072) 

[»1 1 1 ] 

- (2074) 


(20(5) 


a a - - (5 E/S a) 


(2076) 
(2077) 
• (2078) 


5$ ( 2 0 7 3 ) coai6x^^*-CO?flJKT*Wl5-n>. 
ifift & Jt-aT V^i M£frt> s 21/2Mi Ri 2 fc «0Wt*TV^ 

tV2-V ef{ (r)]* i (r)-l S 0 k (r) 


[0308] #Uli\ ac IV^hLTltiS^T-Oi: 

. d Wi^C (2076) £0£j2#0 C« 0 , £ 
JStiiS (207 1) k *05T<oaE*t J: 0 
[»114] 

- (2079) 


IMkSixTKS*g^ (20 64) oiODF 
TX*KS^-g^SrMV^cOt|S|t-^Srsimilated anne 
aling TfttlZblz%&. fcrtfU ifiJETc7):RJR£fts& 
cote, ^yf-^^oftt-i^^, fe«W«r*^<oa« 

Srii-oTV'*!)**^. dynamical simulatedannealing(DS 
A)fcl*tfftS. 

[0309] 3^ (2076) CDmftZtZ&f. ffcTLi 
•CiilS UfcBIBfifiR ( o 4 0 7 - 'J xffift ) &$mtL 

^ (r.t)= [V2-V eff (r)]* nk (r)+A^ nk (T,t) 


^ZfatfzMzii^ DFTco^b^lizm^T-y^ 

>vx-i&v>®.wx'cr>mm&*m Lxa<zb aware* 
i. mizt&fk<7>mimzwmx'%z>b%i,zii. ±mw 
{A ik } ^itnmL-ti^iComm^^nkbsi-t. 

[03 10] <f>„^2. 
[JS115] 


0. x*/l^-2p<2T"£>l>. ^nk(n t)*BWfliVC 


[»1 16] 


(2081) 


(2082) 


Will 

fflfcSivS:^) *3W*^^-r;l'V. ff fcaHll/C Iftl 17] 

V eff dr,t) = S V G (t)exp[lG • ir ] - (2083) 

5U2075) fc5$ (2076) £5$ (20 74) fcft [IS 118] 

ALT 


(43) 


ftffl^ 11-17 6 9 0 6 


ftZ C^ X|G (L)exp[i(k + G)r] 


■ I [- I k + G I L \ X ^ C ^ E+G (t)exp[i(k + G ) ir ] 


W12] 


-£L V G (t)C B K+c . (t)expCi(k' 1 -i- ' +r) ] 
G F G* 1 


(2084) 


[Stl 19] 

" C n, I + G (t) - C " 1 k + G 1 nl ] C n. I+C (t) " E V G-C Ct) C n. 1 1 G' Ct) 


- ZV G-G' ^> C D.I+G' (t> 

(0— (( I k + G I 2 +V 0 (t)-A nk )/A) 1/2 
*£«U S (20 8 5) 0£«a**»fctt*-#-i 

C US (t4 A *> " 2eos C w A 0 C D. I+G (t) " C n. t+C (t - A ° 

-2[l-cos(a) At)] {» G . _ G V G . G , (t)C c I+G (t)) 


(t) 


(2085) 


(2086) 


(208/) 


[0311] ^-oy^fyytWi £JlT<0fiH;:& 


[03 12] 
[#120] 


v <.-)- v (,.«- 2 » /,L ' 1 ¥ z i r i' 2 


- (2091) 

6*\ ±ie^^«^J»* J ^ * o £**>»*£JT&iH'tti [» l 2 l ] 

34 N 

i-1 j-1 13 J 1 (2092) 


[HI 3] 

[0314] ^ ('^^Eft***^) -»3&»fe+°°K^*W^* 

tmtlh.ZZ^ n x , n y , n.max, [ 0 3 1 5 ] ^T'3t U*FRR*»Al/C . 


(44) 


1-1 76906 


[ftl 23] 


Cr) =/ >: Z .expt- I n + r.-r I 1 t^dt /G(ir,t)di 

0 j=l n J 3 0 


[03 16] 


(2094) 


:<tt*«W«Wi» feCT^XIMcasB L [ft l 24 ] 

G(r.t)=2?r/(L v 4-L„ + L,) Z Iexp[-* 2 | | 2 l2*i (tr-ir^l 


X y 2 j-1 


(2095) 


" "x ( 1/L x' °* 0) K "y (0 ' 1/L y * 0) + *2 (0, °* 1 /L z } 


(2096) 


^ftm x , m y 


sxp[-]=l *f^e>. SZ^O -Cfcf?. m^tSS^^^^f^^OTfen^s m=ni 


[ftl 25] 


[ftl 26] 


G<«-,t)=2*/a + L+L ) £ Z 1 Z./t 3 exp[-r 2 I l 2 42x. (r-r )] 

j-1 B 1 ' 

•« (2097) 

F( >-/ 2*/<L +L *0 E S'Z./t 3 exp C-?r 2 | l 2 +2*. (r-nr,)] 

0 X y 2 j=l ■ J J 

oo M 

/ 2/</> X I'Z 4 exp[-| rlor,-ir I t ]dt 

1 j-1 ■ 1 3 - (2101) 


/ l/t 3 exp[-a 2 /t 2 ]dt- l/2a 2 exp[-a 2 /x 2 ] 


(2102) 


/ 1/V Ji-exp[-b Z t z ]tlt = l/bsrfc(M)) 


[0 3 17] liltiO. «|ft(0?-O>'i)<f>'>'^ [ftl 27 ] 


(2103) 


(45) 


11-17 6 9 0 6 


W17] 

mi 28] 


N 

O-l/CL + L, + L ) 2 E'Z./I l 2 exp[-ff 2 | I 2 /a 2 ]cos[2tt (r-r,)] 
3"1 ■ 3 


+1/2 E E'Z.Z,/ I +r.-r| erlcU I Ir.-r I) 
N 

+1/2 £ li« <Z./ I r^ir I erfcU I or x w I ) Zj/ I r^ir I } 

*■■ (2104) 


N 2 
1/2 E Z, UnZ./s (2//*V~exp( t z )dt-l) 

i-1 1 8-0 1 

1/2 I l. 2 Un (2/V* *exp(-* 2 s 2 )) Z- 2 
1=1 1 s^O i=l 

- (2105) 


ifill t***v^fe*{£liBW*v^ 8fefc»:ar^ [03 18] 


E E Z.Z.cos[2* ir(r j-r ,)] 
1 j J 


= S Z.cos[2*rJ E Z,cos[2 * ir J + E Z. isin[2 n vr .] E Z.«in[2*r.] 
i-1 1 1 j=l j 3 i-1 1 1 3=1 3 3 

- (X Z,cos[2ffm,]) 2 + Z.sin[2ff m.3) 2 
i=l 1 1 i-1 

■» (2106) 


1/(L+L+L) S E'Zj/l I 2 I I 2 /* 2 ] 

* y 2 j 1 ■ 

(E Z.cos[2* «r J) 2 + (E Z.siu[2* rJ) 2 
i 1 1 1 i=l 

(2111) 


(46) 


#HfW 1 1-1 7 6 9 0 6 


<J>«l/2 £ E' 2Z.7./I + r, rJO (1) + <D (2) + 0 {3) 
1-1 J-l 3 1 13 


(2112) 


n 

■1/2 I £' XZ.Z,/ j fir .-r I erfcU I tr.-rl) 
i=l j-l 3 1 3 3 


(2113) 


<t> (2) = l/2(L x +y l z ) 2 ' 1/ I 12 cxpC- * 2 I I Z / « 2 ] 


- (2114) 
(2115) 


N 2 
2^/(3L x +L y +L z ) | 2^ i r i | ^ 


- (2116) 


;Ctr > m\U m=n (L ,0, 0)4n (Q.L . 0)+n (0,0,1 JT*^ tml*s irn-i (1 
X x y y * * * 


/l^.O.OHnv (0,l/L y ,0)+m z (0,0,1/LJT£>S. ±I2<7) 

fccoB^ioT, O (2) TliEcOia^expcOS^ 
i~>T, ^S^^-ri.C:i:-r'S>l». $ (3) 

If t> d 1 «^Jn^ & . d ft^lcti:**^ £>ft=Sr#> -5 

cos* sin* 
B(0, *)- -sin* cos* 
0 0 


[0 3 1 9 3 *^#^^L^HI^SI2rll4 OS: 

£ (x , y . z) JSSTftt W± , *W=I»!*»3< 

[0320] ^WHH6ff?iJti. 
[ftl 3 1 ] 

cos 9 sin 0 
0 1 


-sin0 


0 
0 

0 cos0 


cos # cos & sin 9 cos * sin B 
= -sin £ cos 6 cob # -sin ^ sin 8 
-Bin0 0 cos 6 


28 " , 0) , (109° 28 " , 0+120* ) , (109° 28 " , 0+240 


J - (2117) 

( 2 0 6 1 ) X\ cos<?=-l/3. sin^=2v r (2)/3, ^ 
^Sr-Hlf^. 0+120° s 0+240* t 
(0,0,rH3fWH2itT. 

C^SC 1 32] 


(47) 


11-17 6 9 0 6 


2V(2)/3cos 
-2VC2)/3ein 
-1/3 


2« r (2)/3cos(<*U20) 
r -2V(2)/3sin(tf+120) 
-1/3 


2^(2)/3cos(<H-240) 
r -2/(2)/3siii(tf+240) 
-1/3 

»■ (2121) 


ftSfc^ifcJi. S (206 1) COR(0 e)*Zco£ 


[SI 33] 


(*, e) 


2V (2)/3cos(tf) 
rR(^ (?) -2f(2)/3«in(*) 
-1/3 


(2122) 


rR (0, (?) 


2<T(2)/3cos(0H2O) 
-2-/"(2)/3sio(0 1120) 
-1/3 


= rR(*,60 


k3r&, ^iitS^rt^ffltfOS iJI^co(x,y,z)^m$r/N e 

[03 2 1 ] 

I ( 0, 0, 0) 

II ( a, b, c) 
IlKa-b.a+b, 2c) 

IV ( -b, a, 3c) 

V ( 0, 0, 4c) 

tjgi-S4ffloB*^^US{4. s i a^-tefflttw* 
co j: i w^co&mmmztiz . » 1 s i s^is 

ffl^fflcOSSW^tx.y.zJJSWi* (206 1 )** 
cO^fiUtfJX. »2. *3. »4S iK^SIHO 
BWW>(x.y.z)*«i* JBlJH^jaHoBflfK^K 

R(0, 90° )<0EHE fc( a, b, c) (V^'+t&W) 
R(0,180° ) 0)016 k(a-b,a+b, 2c)<?)Wr#i!j 
R(0,270* )CO®& t( -b, a, 3c)COW^I6 

[0322] *<0fl6K. I IIltIH2. II IIIlfcIV2. I 

ii mtvz^m^ti^tin-nmm^x'fo&fiK -r 
i it 114(4. flttrmK i mm^rsrrtix^ 
[0323] ^mizm^x^tz±.x\ zuzmmru 


2V~(2)/3cos(0 + 24O) 
-2/(2)/3sin(^+240) 
-1/3 


-bxz%x.x znkmnkmmmtxitmzti&tiHz^ 
o o«<7)T i srj^su ifLtofl*^ i o omnwm 

BBRBFFatf T i M^OfSW^iSk P ZTflfjtffFk^ 

5 k . SH^^iSttT^T i aVBBR*-Cfc . *sXfiS^ 
m$k!tX£t& k WhMzmLZ&ttXti 9 . L**fc* 

#I6AS i<0*&i:Jt^&f:s PZT<Di§ 

&<ttim*>x mm b%mh*:X'h&zt . 

£ T\ pfflKSB^rt: k i * . 0 ■ 0 1 %iaT"C*<Ui* 
^*|SASS««fWR^«^*9l * [lit-- k **itt#£ £ k 

[0324] J: 65SiISm#W4cOjS^ 

W*fcovvcjaTfcl**-*\ pto^p 

«^V^tf«^fflv^TV^*«feflaifcL-CJi. (DP 
TOe3^*SAt\ »*s T i ^-t*L-fn«s»flfltfc 

*>*i<^ (2)PT0^4*flt, 0.3A~fft 
(3)HWB(2)K»«Xat. c«t*ofc«S^fc 
lfflAfUtfceO (03 7) . (4)WIE(2)fcBr*X«*, 
attK*^fc»#fclffi^fck^ (04 3 K (5)P 
TOOTJZr(:I^i^{>^tJ)l)o (5) 


(48) 


11-17 6 9 0 6 


IR<0JK?E«*E** XSffltit^k. 3l*SI#1±k<o|ICI 
[0 3 2 5] Mhm^&ltcP bT i OsmcOW^UKfr 
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7 0(c^t^xXT-Ac7)4:o(3, WS^BPWttJCaji- 
7 M I I 7-o-fe^iW)taiJ-- y h I fl» 

•C^^ttcOffttSSrff-sTtiV^. ^-ix^(4fgH-«S 
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mzttLX, fM7ntXySal/-^SUPREM 
4t"(4, tt»tt^*#*UTV^OT, **>J{±2 0 0 
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[0369] *»HB#*«i<0HiW»trfif*t>8ffi*l't* 
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f„17 7K, l 0 0 0 f taTUHWEfcTOtsfl: 
bztimtot>1xiz. Mz-<£. zntioo-s i -o 
£ % S i -O-S i**u MfiO-S iSE8t£024C:^ 

[03731 02 4»t>friPimz. &MFt<n * F$§ 
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[03741 *Wtfsm*. ^ffcft^XxA-SrlBU 

F (co) =S<M (t) -M (0) >e' l co"dt 
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i-T'M (t ) {4#WC&>?. TiE#T-*3 
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M (t) =£e ; • r (t) - (1362) 
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tit* 07 9(4. X«***>S*&^S i -O-S ifico 

[03803 08 ote*mmmtH$m.Lt:m uv*hp 

i>cDT'&l>. 04". *#^5(4I?S£^U /h*v*B4 
SiS-^LTV^. 08 00 (a) (4. XYZSEHCfc 
(t&Mi'^U (b ) (4, **>XYiB^S»*^ 

i&LTV^dfcfc^ofc. i<oc:tt4±E^tw^Lfc 
M (t) =l ei ■ r (t) - (1371) 

[03813 *ffe B J#^(4. $lJ5£i&££^;iT. ffl^H 

(4. S»*JPifc*^t=-3V^Tt>, 

08 m^m^x^u^wfi^^^.^- 

?C4^Xi||X^? h/l^Ml. 08 2(4. |B]«WfE7J 
[0 382 3 HMW2 

[03833 ab-initio ftTWlJl^&Z&M L 
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frty-Chh. mtlf. S i -Ott^OfftfC ± 0 . 
(4^#<^Si:^«$^S» 
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[0385]^fc, k 14, »*>IHtX*;l/ 

CO 3 86] ^«;£ffi£/3-£3IWav^i§£<OI R7 
4 h;l^h^*W2:ll8 3tw^t^. 
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[0 3 88] &ts, ±E£tt0!ltB8S£3ft 
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[0 389] gdtff!3 

m-mffl®z^X<r)W&*7Ft* tttwca-s i O 
2 i 0 2 ) «fr3£8LtT'ffr£U ^-<0}£ 

^X^? h^Sr^a-r&*at'-5^-C^-f. a-S i O 

■rkfciOffr&L*:. 08 614. a-S i 0 2 <0ffrRtf> 

cot*. rag*o»aattT»iftLfc. 08 7{4*<oiw> 

^ffi&JBVtfyft^Tk, ab- i n i t i o^ift^J^ 

V**. *<DlTf# { 08 7, 5 5fc*SftTV>£. 
[03 90] b*>U WWc£<aeB*tMr** , *hEfc 

t , S i O , k 14£ < £ k & 


0. #L<fSWS«S i0 2 k=Sr§, sc. tttmnx' 
t>. SffltcA-oTi^O p^t^SMS'OS i 0 2 

mt^^ta-S i0 2 £fN!<;-f££k#'M£U^ 

[039 1 ] 09 0 fc{4, anHBSco^rV^-v^x*^ 
=¥-<D$S&£*Lfc. WEt&Sfc&oTVi&tfrC, ^ 

^mzhmmzm^mz^T-y^^^^'^-^ 

09 1 t(4££Ok§<oH-»«tS<0-fe^ctt 
CJfctT^fo&^tkiX&J^fc- Par i ne 1 1 o 

[0392] mMXBXtflBBT*>&*:*>> 2Wtict 

nmteomb^x^h. bz^mM-tzb. *fef a 

«SU4**U ^Hflfc^tertE******* 221<D& 

ft 9 OJSTlS^flsSr^J: oX'h-^tz. 
[039 3] »=, «f>li. a-SiOi^l 

/s. -etL{4. s i bocr>7i<f->>-\Mzwtth(r>X'h 

1. ab - i n i t i ox-hmmm^yy^^ (at 

TA^f-y^-v;Ht>L<«4BKS^X>'>"V^) 

(O^lftK J: jK-t y>"¥ /Kr. ^-^^ — W5S6*^^t-^ 
^-ofcftt:, lS^031»Srftotc(4. ii^cove 

*6 S ^S* 5 <fe -!> k -5 £ k T'J> h . 
[0 3 94] 09 2(4, MftCVVe r 1 e t<0T>l>*» 

-<r)^mbM3to^*>i>*r-co3m. mm^-^>^-(o 

Ve r 1 e t COTfrzf D XAT'(4, y 7 7 

mfrn&Mmjjm£nnm t +ft%tt&x^frti%\ 

<koTt, «»«it5*3nffi*>^> ! Sr*»^>fe. £*H4W^T 
»t k , ^O^T^^^/W^^m^T^S £ k ^ 
sa-r S W^lclt^w »tft & £ k o tz . 
[0 39 5] ^-It', K*SriEWt«d3t«)C, Ver 
1 e tuOT^UXASStftU. Wffl^K^ 

^rr y x^^x^^f- k )!EMt)i»i^'^-« 
coid^x^;w^-<oiBi^av^^$ix5rV^, * 
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$*^et\ ffimtmmmzmtL, a-s i o 2 co#j£ 

tfX'Ztcfr^tz. £tz. IRX^h;^. $<*llk 
[0 3 9 6] Wicoid^. #fWH#6li. a-SiO 

t a - s i o 2 mM®±Tft&^z> z t i^imt l 

tz. £0>J:d(Cl,TiM&Uia-S iO,li. 53l£it 
KtT. Si-Of^«*^^<, tHSi-Oft 
t±-gWteBft£)R4o-0^. ififi>S i0 2 T'{i, S 
i -Ojlti^TOS i -O^i 9 MN$&*£-£:ftcDS 
i - O UO tf:** s h t z titm < & 

St, %-m%* 2Akt5fc< S i(£4l£<i#%c: 
T\ 3i: 5#'4<-UItD. ^fti^Mi^ t&^o*;. K 

[0397] a- S i 0 2 ^f?7KEt, L<ti— ft 

M = 2qi ( ri - rO ) =Eq 
= Sqi • ri - rO Zq i = 

ttchtztibX'hb . &mt*t£coigiiit<zte, rO 

iv±~* y v <r>immmit'$z> ffi, ?-v xs» ttz 
m^i / zi,mmm.^^(o^^tihtzi l fx\ m>z\m 

- x^frfcfcbT lr*->fcflHP#+ x#[6]*>£>A-?T < S i 
[0399] mmz I RZmfef&iS&X'li, a-Si 

IWWlKfc:l±JSI»l«[#*ftS:#*L'fc« : Pffi*i:» ^ 
a (co) = (4?r 2/3hcn) • co • 

f£*?)JfcJ]1§XCOa- S i O 2 c0I RSr^S £ fc t-i 
Ds JfcW&fc a-S i O 2 coflfitfc I R*-^? h/KO|¥ 
m ( t— ? b , b'— ? x 3 T 7;k^'-^) 

[0403];;t, I96C, #*HH#fca l *rt<Hl 

U 9t*S*i& I RX^? hA^U 06 5fc#»Ui 

i Otizmmv. 9\-E.wm*> -> izmisni-mz ntz i r 


ttcOjE^jSr^tt, a«<OJE7J^JEU.7ta-S i 0 2 0 
WjfiSMfc* "fSSWt- 6 tz»>. ^f^yf /l^x^/K- 
^Tffita-r * *r, 9 0 0 tCSot , 2 + J 

®wm. siOizmmmztt. x-^m^tzn 
*coa-s i o 2 <7)ffi&z. m^ffts. mm, in 

tz. 

[0 3 98] ZZtX-'ftiX, I^^a-Si 0 2 }ijt 

tz. IRX^hMt, ¥ -4 K—iVZ:—* y 

tz. ^jK— /I^E— pO'bMti, Tlfi^ 

M = Zqi ■ ri (1461) 

zbifivz** zzx\ urn? icon. 

tt«o^-<sqi =0) iziz, m&ro znmzb^x 

x->v^-x y v<r>mm tiz^h. ztn±. 
imi 39] 

i ■ ri -Zqi • rO 
Z qi • r i 

••• (1462) 

^ y ^ (O^fH^-ffcOWI^Il 9 4 fc^ L/c . 3 ^TCft 
%X'hh<?>X\ x, y, z^^^^t'-lV^-^y 
btmbtltz. 

[0400] lR^?S;^tJ6l.l:li, 

LT, i«^M^'-;l' ; E-^>'bS:7-UX^L, I 

*co— W&09 5t;:jj*Lfc. iOBBTClR^^^ 
S0b''-^{ja^i ! 'a!|-C' S . -ttch-bs filOOOcm 
-Hz±%%V—7tf\5im-hz\t, ft500cm-iC* 
%%\:—7W$3%thz\tX-bZ>. i<o*S*»i. a-S 
i O 2 c0I RHWi:— SctTt. 

[0401] iR^;h;^ffti.Wi ^5^fy 

[0402] 
[^1403 

(l-exp(-hco/kT)) • I ( co ) 

■•• (1463) 

X^bfU*:?*-?. ttz. 01 0 OSOfffll Olttl 
[0404] 


(55) 


flfBPF 11-17 6 9 0 6 


ovarii, MilftlTOlfWS. 

[04 06] ( i ) aa**^-dift"cii, s i m&uz 

i^lD. ^.IfcS i0 2 Si 

fllJt-^SSJiT n -fe X 2r i3rt h 5 . 

[0407] ( 2 ) i«p D p«<0B$ft)«£ffj£ir& 

[0408] ( 3 ) m\^m<mjm®*?*7^>v®& 
TP<vmmiz£>o. -mmmz^m^^^xttz. 

[04 09] z<?)X 3&*8M>a*»-e. tmmzxmnft 
MZtitz%t>. tcojgBZW&tzvmiz-thkk.biz* 

[0410] zt>izttc. mjicDmm*?w\feim#>xm 
m-h&w. fttmmi£J}iz%m-t& - 1 iast'*> 

4. WAtf, si ( l oo) *K*ffli»vo>**£, ; f- 
cD*ffi3fc}# 9BJ40 10 2 fcjjrf J: d (c ( 1 1 1 ) ffl"? 

j>i> 0 io(in) m±.x [ioo] *m*«Tto*rti 
[04 11] *^0^^tcJ;l'V'Si^-^3^^- x T 

[04 12] c\tXh<m&.*^ZlZVmth kki> 

(5^i & tmtztea LWrtiimiumtt t lEWWiieai 

Kco«^-C8BB$ix&-CJ>^ osoi gtswLOC o s 


cossto^ »« tot aatfcmHT* & . 

[ 0 4 1 3 ] C<0<£ 0 V^T . «6*coBMktt» 

im*&tfwwi£% Lfri>ffleasix\ «3it; 

[0414] JC^]«0*<i0l«H*OSIjU4s W57>-S 
y'FT- I R^fflV^. ^ii^^ttSUtl^ -v U7'V- 
^a^ti, <5^>*»t«)tT-5Jt. S i^S i O^pg-r-!. 

?u<tvtt&wffi : sx^j*t,z&*)wmzmrzii* 

[04 1 5] *%BB#^ti. t-f, c\crMl^»&2<%. 

Ttmt/WM/m-n /^mrx3 -t x v s ^ 1^ - 9 uzm 

at. jEtJi. mmmtvx. mm^m=f- j miM<r> 
mmmt&mz^. s i awtsfv^ sio 2 c 

SitSi O 1 «0W*fcl4JtG** t 8i«i - *. 
[04 16] J— wBKkSrWti: 0. 

•f, aWEccoKftSPJ^s i o^cfBit, s i o 2 ^+(^ 
f*Attfi<* s . BMl^PJOTffittD ■ 14 S i 0 2 

M+*>iSa<*«>0***W-6. Si/SiO^ 

[0417] JW*W$r3&*fc UTU, Mitf. S i 0 2 

im**). wmnwit&'fmt&ztizKh. 
s i a«c7)ffi±^E««* <7 #«f«-t st. --t-t. 
s i w<=f-mkm*± o , s-ftffltfoft astPx. *s*wt: 
m\mmnthc\t^zts:h . 

[04 1 8] 4-. ±jE*S<7)x^[B]WfiS;^$: (?xxfc 

CC|WU-C(4. TIE^ (1531)-(1534) «Wf« 

for,. uliSEflTC**. 
[04 19] 
[»141] 
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pVD 

D' «l)«p ( ) 

kT 


■0531) 


anVR otVR 
k' i-li exp ( > EXP (- ) 


■(1532) 


kT 


kT 


o + a — 
xx y f 


-V) 


111 


a -a —2 it ( • 


•••(1533) 


°=P ( 


V1SC. E 

0-VISC. cap ( ) 

kT 

tzz>x\ ~mzft&mucoi&gim?mz±stt ( 1 5 

34) VI SC. (X VI 

C. Eli, ftJt{N£&&tf vSttlfcX*;^- Sttt: 

Ztifi&frh* Si/SiO z flBt=*Ti"JaU 

|3]ai{C±IE5t (5 6) (Did . Z.ZI,Zks 

li, on =- ( oxxnx 2 +oyyny 2 + 2 oxynx n 
y ) T"J>9 , or =— ( oxxny 2 + oyy nx 2 - 2(7 
xynx ny ) Xhh. VRWU *-?X'foh. Z<Dl& 

'JrfhZttfbfrh. -tfScOS i/S i O z %mX\ W. 

tfZtlX'hh, 

ti. -hfBst (15 3 1) X'$fflX'*&. ZZIZ^ ptiJfc 
^T^aSiX*. IP*>p=-1/2 (oxx+oyy) T*> 
6 . ± D HOE* 0SfiPfc L&V tfft^tfDffifcffiR'C*) & . 

{ETjoxx^oyyli, 3 1 -a 3* 9 £1, EI8*flKK-> 
TV**. «ot, KWCfcUffilWB^ffttt. 

[04 2 1 ] *a^#fe*»AV^UJt. ^c^gg^-co^co 
ft3f3Mi£@l 0 4t=Si**\ 41*, Si/SiO^H 

•fh. -?-«D±T\ &BifiX'(DS i 0 2 ^<7)fiSi^Jlu?r* 
tf>6. i^utffiOTs ±IB5K (57) a»fcJE:&S£:fc 


••■(1534) 

dWJfc&SrfflWC , * < 5 6 K * < 1 5 3 
1 ) „ 3 (1 5 34) *fflVvT»ffc3&K*Sflat 

[04 22] C<7501 0 4^t^J;ot, iHfcB# 

& y^mmx\ fflmj& 1 3 0 o$x\ 9 0 0 °ccn 

ifcIKfcl*BHi3 0 0#i:Lfc. EWS Sun4£ffl 
wt, tm&ffflZtM^Xfrtz. Q&ffiftbX'htHZ. Wb. 

1 5 9oo^dOB*ia*R-f*. ztunffii osmzh 
[0423] *^bh#*(±, =*- h ^aat^mitt 

CKO^rffifciO, 9 0 0*C~1 1 OO*C$-0Hct 0, U 

looo^mi MTizm <i-&zt #ai*fc . 

[04 24] 01 0 5 — 7 7 (i, ±IBx5^.W-^5:ffl 

m-&<ox\ m6uz\mt>&mntr. fc^t, am 
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S^S<tT. 

[0425] *Wmb\^ *isX"rA*m\\ hU> 

[0426] ( 1 ) ■MMWSHt*'?**' 

(2) ^y=iv»tt i e-5*A' 

( 3 ) BMCTftR»«0jC*«c#tt : E7 f ^ 

( 4 ) wms&rmiimi&'&tTiv 

( 5 ) mm\/s i ^occos i ^Bjc^ts^e^x/w 

3ric0(4, SW-tHSso^rVl-BP^, S i/S i 0 2 
Iftfflt'OS i^^JE^T'£££fc£^Sjl#>fc. 
T\ 9 0 0 "CT'CO H 7 A Bg-ft 0 ±»f & £ fc fc-f 4 . 
Zn&tVmtmcOBtf.RVS i/S i Ojlf-HOJ^KS: 
i<^l>fc, j »RI4B»6ii s fifV». 9 

0 0°C F5-f iHfcX3 0 O^ffitft^fti: . 9 0 0°C 

[ 0 4 2 7 ] SP*>. 10 QftfgmtTX'totM. SJJfc* 
mwmtz X 0 . EfiflS^^SScOS i 0 2 ili*lfc S i 5fc 

Awst****. fcwt, 9oo-ca«-ci±, «tt 

LT . S i |SffiT'<0ffii««7)(c J: 0 . BMtRiStfJflJitS 
ft, *&*fcLT£SkttT**. L*»U HOO-CK 

v\ *l/C, S i $kffiT'cr>K.mftjl<nmm i 
fell tLX d<o«8l^L,fe»*«SI 

i R«sgo»*. ± i oxMftnnmTmzmsx'Z 
[0428] a±<7)%a&£mffin:*5* , $ 

#*>PBHS8<t;&BWKs STI (Shal low T 
rench Isolarion) «9£5?1fcftO— 8B£ 

<o3H&»w UMkawii loot, 

(43%T\ lOO^W:^^. *co&m. » 
fc# { *>:*>&. 

[04 29] IDIitftll poly SiOSft 
fc. A.y7rSMfcKcoaii»^wW!BI* { SMfcS*ii. - 

[0430] (2)3i#^£ »fb&*** . KiaaqsMbs 


[04 3 1 ] ZtHzHLX, 1 0 00°CB»#E50% 

x*cnmm<nfcKftmz^xmiL-rz. swam 3 o# 
wmkxhh. ^co^m, ftcoi i o ox:mt<?)i&itt 

mz it^s ^TJE^J < T V ^ £ fc tffrfrh . 
& £ £ fc . £ cofctf><oS*W^:SftJK fc UTii. 

iec:§-*-&vifc^* t #i.*>ns. 

[0432] #?&B#£<i>lis S&fcffittSQBS'S.a.l''- 

^fc«o^#-fb*jt6«>^. -e^m. mc&ttb-?. t 

eos KHiflt»eoS38# h tih z fc ^ . 
[0433] J3LhW*fi**t,fcfc. 
•t^Offi-Cibl) (ill) ffi±"C<o»»W8lrJe^t-*I 
U, 2»:7t^5 alz-yaVyXWIi; ( 1 1 0 ) ffl 
JifctSU&LfcHfc**:. ^^MSfcL-T. 3 0 0S/ 

WfciL, 6 0 0K/*fc4"CSti-*i:, IWtfcJ:->T 

[0434] &±<&f'MtasL*%mQm.Lxt5\^ > m 
m^xwu ^-^c mo s<o$8jtxs^ov>T*^ 

a fc , #xgT-<o^«k/]NisjK^ * w^mss fc 

^■OftW L . i Z X'it fc < (= , «ttUMk^BMkttlBItf 

fc , j&mnft&mt iz^xmmifMMT 

t/ZTjk-f. 

[0435] S*lS(4s 01 0 9fc^310T*>S. 
f^£Jii S i ay>3i^— CMP-^^faS i SP^^ttSS 

fteffilzmttMlzmB LJt. IS-fki^BtefcLT, K 

im^coW)^ fc fsmM.<ri 2 oico v >t ^s^raitts:^* £ 

[0436] 01 1 0(4, 1 000°C. LOCOSIg 
»TB*iiOoxx<O#*0, 01 1 Hi. 1000 

•c, Locosis^78#^<7yy^^0. tfzmi l 

2(4, |5]t< 1000°C, LOCOSlS^T^cJxy 
CO^*0. 01 1 3(4LOCOSXg*!~ra. 2 5°C(C 
iajSESrT(ffe^<?xx<O^0. 01 14(4. |S)t-<L 
OCOSXg»Tf*. 2 5"C('iflJKS:T(f^B#<7)tyyyW 
ttzmi 1 5(4. I3]t< LOCOSXg^T 
2 5°C(CiaJS£T(f^^<7)cJxy<?)^0Sr-eiX-?'iX 

[04 373 C\tlt>nmXM2>±0lZ, CMP®. 

fts i mzm-hwmiti)^ ^v^(4, #isas 
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K^MWUCfK. **>IS*«:iai 1 6l,zmL 

tz. 

[04 38] £tz, #$HB#614, *«W#fe**S|iaU 

«e , mos *^po s i a^^gMtRtae Lfcjfcfi 

[ 0 4 3 9 ] ^Iftfeli- ±15^-5 ^.V-^^ffl^ 
iOyXf^&ffl^S^^tiO, 

m^mmntz tifix^tmz. gi*«<xe&iKE 

[04401 5 

[044i]^J3 yiKibKCii y'Jn ya^K-fts 

i o 2 5RO#«ifl!3iT*> Sfb5^b*0 yflBt £ * ~C& 

[0442] *«JC WTBHWfc LT . >- 

r/«a««MtfeSS^. 01 1 7iZ^rrXolz, y'J3 
y (100) 3HS£E*U #f#Kie£froT* * 

IC, ^UayJSStlH^BItaiALs 01 18^-t 
J:ifcy-hJI!!llftilft»)«L«:. UMfcii** 


8 o o*ca>£ i i o o-c^t-a^^-fb^^. 
[0443] pfi%cr>mm<vis v n v»ft«*jB*UJt 

gui&gs- 9 o o'c-tx-m&-fhiMX'h o . shifts 
taijfts-erfc. »2SHNi9 o oiC36»4)aia*-ci»a* 

[044 4] ^wa^fr^ssii, mtmom 
memmnmiftfrt*®.^. ttz „ -wc memta 

•t<%&bmfrtix^&. zzx\ *«HH«fe{±. wtt 

^wftcowttwswtsii^ffiit . hi 2 oaxmi 2 
i n^sut. BMkiiftJi l o o o^ck tfc. 

[O445]012O fiAMW^B-ftXSSrtT^Jtf*. 
-en-en 1 0 0 OtTW Lfc*S\ 6 0 0°C/m i n 
■CfttoUi*^ 6°C/mi nT»»Lfc*^fcfift 

*>£ . 0 1 2 0 t=ijc*l6**»&, 1 0 0 0°C«»<0%& 
k «a^»»-&-Ctltt 1 ^T*l5^ L , ft«rCJ4tttt 

ffifo(i«^t\ mfcJitf~S.%LZtiz>(r>?>-X'fo& z ttftt 

[04461H121 isi i&ffimx'coj&ami 

KWft*ja«(:UT7"n-/hLfe0T*6. 01 2 1 

95 o'ca±<7i^mnx-im^mmmMxh 
o , tttt* t> t < imvmfrcommz* l , 9so°cw 

[044 7] i<0i5*H1ttH^feflBKS^&J:^^ 

t it^rs o mfflTjaas ■£ & 1 1= ± 

[044 8] £(Ol:3(=l/Cft«Lfc«fl&fflV\ 

f S/i S a yyXf A&fti Lfc. -e^* L 
fStm&btoim&nENBtokamz* 012 3^ 
•mtoiiWtyixfc. 012 3*^, S«S^±#kk 
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Zb tfbfrh. 

[0449] v&mmt ix , \a±cox o wmztitz. 
Afa^fflv^ffo/i. hi 24t±. ffiBayjftjqtfyfr 

*lt i *St» i R^? WKOSEtefc^L-O** . 

[04 5 0] 01 2 5(4. I RAHrh>l>CQW%tefrt> 
S i -o-S i^**»W»t-^WJC*fcJ:4«aR^7 

h &sueufett*-c*4 . nae tit-set sjur-*-* 

k . ffiHSJ&flTS i - O- S i CO^«»#S|b 0 -^ Wi±i 

"[04 5 1] zt>iz&cmffibLx. mutntSiimb 
im*y-htmmti.x®mL, *n±.£y-hvm 
wm<mwmifi±w^o{z, 9oo°c& 

m^tz. 

[ 0 4 5 2 ] 0 1 2 6(4. m«(0fcJ}mX'<7mttM?>S 

i -om=?-aimftW&k*Xtiil>fi:to> m-j£»OS 
i-omflBIPB^l. Stfv^ho-AJJLtkSroT 

S. 012 6*»fe. Si-OSWl. 8AJiLhk 

ffi&LX^hZbrf-frfr^tz. ttz, IRX^h^y 
7M!ifil 5 cm-' k&oTVtf;. 

[0453] mmzEmmtitimh^tz^m^v. 

^ y y. v-lffi&CO^im. ( 1 ) SMtHO^Jgfr'ifflD 

k , ( 2 ) MfettttJ&ft i Rfflgi: "f'C'^tr^* 4 
s i - o - s i fe^ftS A»t 5 1 v ^ f S« 2 

(4, Ski KBWfcLfcS' 5 J: 9. 01 27tap 

Vfctt-&<o»J^***Wiirt-6 £ k ZWzlz&^tH Ltz . Jn 
it, Qbdt«»T'iV^U:. 
[0454] Qbdk Wfc S i - Ote^ffiW* 5 * £ 
WWIAt^l >T Ut . #»!J1# ti * tzimZffiW L 

ft®&m$m&. 'J 3 vBMfcBfcOJBiS ■ ¥HI • ft 


3E»i3 iV^KW: J: SjETUHS j p . 10 1-10 4 

X'bh. ^Baft*^«iiiarn^7AGAu s s i a 
NZfflnLxm&Ltztzwzx&t. TOsi- 
o-s iwhtiix. ^co^t-comm^criiEiicomi&^in 
mtn. mm2ixtz]EfLimmiz%i<miE^&<7)x\ 

flr?k JEHcon^X'^Ciii £ flfclS e V<7)x £ 
[04 5 5 ] *J6W#fetJ:6k, ;»i3C, 

z£.i&m.WfiLz&te?z,tmMzn&* zLxwat 

[04 56] ULkco J: a fciUflifcfro - k i^J; 0 , tS^j 

\sK}VX'<r)Wm. k «5S,W«H4 k ^titz Z\ 

k*>fe. *«W«^>t4. r«jaig<^BEj 
[04 57] mgXeiT^^'S i >>X^S:, m^tM 
mtf&WiZMXL. 1 0 50-C, 5%tm*'5tsd r y 

i -oimmwm^-^m^m^-b o. « 

^kCl^s 1 7 cm-'cOv^ h* s aiJ^$n^„ 
[0458] :^7MH, UMtKtftO. 2GP 
a ^BBBlJE^^flJfi+tmieSixT v - k 
iXJt. ic0^7h*S-x7MSI#fil Scm^kJtKL 
fc„ ^cO^I^T^K^fflSrffl^-TV^Clk^aSii 

[04 59] *SiatM<oS6**ik*H"4fe*s - 
^•>x^t{4ffi?ar--;nS5:-f ; tin-ti"f , ^-<o** 

?X'hZ>T=—)V&mbT--)V : i2Jg., ^SjIS^«4, 

*#*LTj|:asLfc. itf0*^-{41 OOO'C, 3 0B«O 
[0460] T--;w*IT», I R^? h^SrSH 

Jt«^k. «SEL**>-9fe*&kT'. QbdiOfflgSrffo 
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[04 6 1 J ifc. ^ffijt&^rf&^x^&vvC, 
9 5 0"C(0dry 0 2 #H^,T'FJtM^^* <T> V W. 

[04 62] 

?%< .moslsi ^«^#*ga^»jt-r«»^B. 

fc, ( i ) #rn-fe*B*«o»<S>^ J * > , #S*«9i**tfO 

m&mm&mt. on mmny- 

TJ>I>. 5gK£^, ^tOv-X^ACO^NStt. (iv) 7n 

iUonu^. (v)*u«»xyi;y*ftjns 

•tibt^is &tf (vi) frt^iS^[6]^Xx A£ttiDLfcj£ 

[Hi ] ^B^ci&^xf-Ac^tt^tm 

[1212 ] ^f^y-f^^ §co-efL-eixcO*-|*](r'*H" 

[03] #aMHtCffl^fc*rLV>ab i n i t i o^gj 

[04 ] m-<OWL=F ( i ) t , lircOJf^ ( j ) 
ffl(= s SfetcSSHOflFf (k) *»feJ|SZ ( j ) SrjIbT 

[05] r fctSfflBwE**: U ^MH^MEfcU CI 

[06 ] fiae^W^ifefc+fttB^WHIjKlllflBSiJ'ffifc 

[07] ^l^l?yUl/-^I Ik, T-p-b^SStt 

[08] ^fltt^UW lit, ra-fe^S* 
acaj^-- y h I kO3l8S£tfWtS0. 

[09]*JUf32 • 3<^7t;7 , n-feXv'5 aV-^<55A^^ 
— *r y X to— 0y £ jjrf 5: t" 0 . 

[01 0] iRffl2 • 3<X7C7 = a-feX>-5 a^-^^A^ 


[011] *#SMBwH*t0W= J: 4 25t*«0-gP2r^-t 
0. 

[012] A jty^<r>9—xxyymffeWrt9&M*^ 
■t. 

[013] 4*>imco'7-x3yttm i Emcom#ffl : £* 
-r. 

[014] ^->-fbB*«^-ayffiSf^fflW^0Sr^ 

[015] ^mcmi-m^=t"f)v^^.-t. 

[016] r^'JAIP^'f H^Sr^-f. 

[017] m.^mmtm^^^-t. 

[01 8] -7hU <y?X(3 0 6 3)£*VVt;fc#>rt:«iS 
[019] ?h'j77X(3 0 6 3)»^*ftfcff 
[02 0] -7hU-/^X(3 0 6 3)*J!fV^t*«>n:«fif 
[02 1] Si-Siiaw^-nvfflafPfflJWtf-JWg**^ 

■r. 

[02 2] 0c7)mW2s^J> 0 - Si#2s;fc6V>t23sfc;£> 

[023] isa^i^Mfciwt«fcfciwfctfc±e« 

[02 4] *JMHtJ:&4HF»l^->5juV-^<O^T 
SStfcSO-Si -Oft, S i-O-Sift, StfO 
-S i80K&5rfT-:?0. 

[02 5] fi!*c7)^5 v-3 V^X-rA^fctt^^ 
[02 6] >-^XxAtC*5*tSS 
[02 7] ^*tforo-txi:^l!)7°n-bXcOlRStta$: 

[02 8] sahaWftfc^tT- 

[02 9] ^cO«KSr*-fr-^0o 

[03 0] SE»<^)t»«*SttT-^H. 

[03 1 ] Wi/Sal/-^3 yyXf AtiSW 

[032] g!5fec0^5 j-l^-v-a yyXf Ati 2>7'o 
■fe xco^t!) fc -e comfrB^h^: & ^-f0 . 
[033] TOi/Sjiz-^a y>-XrA£J:!>ftf& 

[034 ] ^B^^^'^LtSfLViabinitioMDv- 

Saiz-^cts^o^*-! h fc s i &mi' a co&mik 
«0 O 

[03 5] 2(s«WSfcj:6aaBIJ»tcJ:S^5 
^«ffi^ffit±0. 

[03 6] *^MftJ:l>aSTOJ;l''>Si^- 

^(oaai0. 

[03 7] *»Mf«L^xSal--?(: t t&P 
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[03 8] ^.U7'XJ}4 hBaTi0 3 tPbTi O 3 c0 

[03 9] *%,ty%Wtfffil-<fcfcLtzi'$.*l'~ 9\Z 
X&^vtyxtJ hPTO£73*r-r>-^-v^ai^ll. 

xh^-y^tiA hPTocof-v-^«ai^0. 

[04 2] *^#WfTL<^t^abinitio/MD 
[04 3] *^^* J fft<ff)S;t^abinitio/MD 

[04 4 ] *^#^f}L<^)*L^abinitio/MD 

[04 5] *^#^*Tt<^t^abinitio/MD 
/$jl/-?KJ:^t3^*^ hPTO<7)Pbc0^i!) 

COM. 

[04 6] WMWWLfc^^-^f-^ 
co— SB. 

[04 7] y- J r-^ T >vco0. 
[048] *^cri^]|£m0. 

[04 9] *%mz®.mtib9?*?iw-M~^ 
x. i n - s i t u mmm.wb'e> x o t u-ctt 

[050] RR4>n^si^*fc . ffi*tm*^#^^+ 

[05 1] *%,mz£&ab i n i t i o^iW^x 

?SJS^-^^5r^0» 
[05 2] ^BHt-i^ab i n i t i o^tWj^v- 

[05 3] «:«ab i n i t i o^«J^^v- 

[05 4] *ft,mz£&ab i n i t i o^tWl^ 

mX'h h S i -O- S i ;8<7)igB#^(t£^-t0. 
[05 5 ] 05 1 WA^^-^VX^Wf&ai^WT* 

& as coasffl^<tw^g!i0 . 

[05 6] ^BJtCiS^SAV-^a^vX-fAtZi 
[05 7] *JBB(cJ:4i'Sal'-^ayi'X^fcJ: 

^■FFw^nifTWca* s i - s i rasg^tc7)^*0. 

[05 8] *W:iSySil/-y3^fil:J: 

i^mwtwc** s i - s i iaraB<^^H. 


[05 9] ^BJCkeySaWygVyXfACJ: 

& K/i/^ffiNTJ) h s i - s i R3S0t<O7>7fi0. 
[06 0] 2ts^W:J:S^5 aV-v-a yy^fACi 

[06 1 ] *f6BBti-&^S AWya yyXfACt 

sj^fwohsrwc** s i - s i iaE«<o#fcei. 

[06 2] *% B J!t «.'>5a I'-i' 3 y^Xf-Mzi: 

m^uovrnm. si-si ihe«ot^^sbi. 

[06 3] *f6H^;J:5^5 aW-^g yyXf^Ci: 
SM^^^HSffWC"** S i ffifi]tfS<O#ffi0. 
[06 4 ] ^Ci^ySil^-^a^^^^ 

U*U*ffWT** S i Rfi£|O#fij0. 
[06 5] aMW*=J:*^5al'-5'9y^Xf-A(cJ: 

[06 6] ^IciSxi ii/- ->3 yi/x^A^J; 
|,KK^»iTPItl)5 S i - S i ragraio^fBia. 
[067] *f6B8tJ:-5>^5 ilz-yaVyXfACi 

hw^vKivmrnx-ht si-si isnswi<o^^50. 

[06 8] Wlfc i 6 y 5 *W-y a yyXf At i 
SI*? l^W*mH-C*>6 S i - S i IBE«^^P0. 

[06 9] ^ftWlzX&isS. aU-y3>^TAl:i 
SE^W^/HltfWC*)* S i - S i IBBEKtftftfBei. 

[07 0] *»^C±oT»lS$ixfeS«W^^-fA<0^ 

*Sr^-r0. 

[07 1 ] mk<v7^ymim%z*-fft'&®- 

[07 2] TO7-7yM»S*tOT. 
[07 3] fie*<O9-7VSiffitt**rSrt#tt0. 

[07 4] ^coy^ym^^wtmtttz^co^ 

[07 5] O-S i -om&fic7)mm.tLXnS i O, 

[07 6] S i O^WXRafc^'t^T/Mi. 

[07 7] «MHfcJ:*«Trttt^S*^-i'*M»T 

[07 8] ^ici^fB^fyUu-^^ 

[07 9] *JWIteJ:*#*iHJ*5'5.xl'- ?<0^tT 

^j^*-r^tt0. 

[080] *»^t;J:6^»^*^5*^-^^*fT 

[08 1] «^J«fflra*^5Al'-*<'5WT 

[08 2] «WJtJ:5»«tt*5'Sal/-^«»I 

[08 3] *^Hj#t^L<M%L^^»^^5 

[08 4] *«^t=J:6S»#ffiS:fflv^ ; FI!l^^ 
S iV-?O^ttl£-£tf-*ftlt2:*1~0. 
[08 5] *»HHt±64H t «l*^>5 aV-^ti5 
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[024] 


BOND ANGLES AT SI ATOM 


0 • 

Sl - 

0 

(DEGREE) 




"7 — 

1- 

2 

108.9349 

2- 

1- 

28 

110.2779 

1 . 

2- 

3 

108.9505 

3. 

2- 

4 

108.8379 

3. 

3- 

5 

109.9244 

5- 

3- 

6 

110.0583 

5. 

4- 

7 

109.3194 

7. 

4- 

8 

109.7291 

4- 

5- 

9 

109.3677 

9. 

5- 

10 

110.9178 

9. 

6- 

11 

110.1572 

1 1 - 

6- 

12 

110.2308 

1 1 - 

7- 

13 

11 1.1628 

13- 

7- 

14 

108.8920 

13- 

8- 

15 

109.3806 


8- 

16 

109.6320 

1 2- 

9- 

17 

108.3242 

17- 

9- 

18 

108.6424 

17- 

10- 

19 

107.7255 

19- 

10- 

20 

110.5358 

19- 

11. 

21 

108.8805 

21- 

II- 

22 

110.1516 

21- 

12- 

23 

110.0312 

23- 

12- 

24 

109.5848 

20- 

13- 

25 

110.5169 

25- 

13- 

26 

110.3303 

25- 

14- 

27 

109.1309 

27- 

14- 

28 

109.2992 

8- 

15- 

27 

110.1251 

27- 

15- 

29 

110.7322 

29- 

16- 

31 

109.6533 

31- 

16- 

32 

108.5453 

33- 

17- 

34 

109.8139 

34- 

17- 

60 

110.1016 

6- 

18- 

33 

109.3102 

33- 

18- 

35 

110.2591 

35- 

19- 

37 

108.9678 

37- 

19- 

38 

109.7983 

37- 

20- 

39 

109.8264 

39- 

20- 

40 

108.8545 

36- 

21- 

41 

109.0508 

41- 

21- 

42 

109.9605 

14- 

22- 

41 

110.3527 

41- 

22- 

43 

109.3678 

43- 

23- 

45 

1 10.8370 

45- 

23- 

46 

107.8368 

45- 

24- 

47 

1 10.7436 

47- 

24- 

48 

10B.6719 

44- 

25- 

49 

1 10.6992 

49- 

25- 

50 

109.1146 

22- 

26- 

49 

1 10.3576 

49- 

26- 

51 

1 10.6860 

51- 

27- 

53 

111.4685 

53- 

27- 

54 

109.8225 

53- 

28- 

55 

109.2661 

55- 

28- 

55 

109.5974 


AT I1ME (FS) 
SI - 0 (DECREE^ _ 

108.5615 
109.5298 
110.6575 
109.2018 
109.6437 
108.3414 
110.O928 
109.2644 
110.5243 
108.1002 


28 
103 
4 
70 
6 
16 
8 
130 
10 
111 


_0_-_Sl_ 

I. I. 

28^ I- 

I- 2- 

4- 2 

3- 3 
6- 3- 

5- 4- 
8- 4- 

4- 5- 
10- 5- 


103 
103 
70 
70 
16 
16 
130 
130 
111 


(DEGREb)_ 

109.4750 
110.0363 
110.2105 
108.9536 
109.9806 
108.8641 
109.9225 
108.4557 
109.8644 
108.0205 


Tn"C<7> 


BOND ANGLES AT SI 


0 

SI 

1 h mf > .CTBriU\ 

1 - 

1 

1 .6503 

2- 

1 

1.6132 

3 - 

2 

1.5863 

4- 

2 

t.0175 

5- 

3 

1.6088 

6- 

3 

1.6093 

7- 

4 

1.6241 

8- 

4 

1.6303 

9- 

5 

1.5924 

10- 

5 

1.5842 

11 - 

6 

1.5857 

12- 

6 

1.6054 

13- 

7 

1.6014 

14- 

7 

1.6182 

15- 

8 

1.5887 

16- 

3 

1.6306 

17- 

9 

1.6182 

18 - 

9 

1.6174 

19- 

10 

1.6056 

20- 

10 

1.6132 

21 - 

11 

1.5974 

22- 

U 

1.6070 

23- 

12 

1.5951 

24- 

7 

1.6219 

25- 

13 

1.5883 

26- 

13 

1.6273 

27 - 

14 

1.6136 

28- 

\ 

1.5151 

29- 

15 

1.6091 

30- 

15 

1.6199 

31 - 

16 

1.6161 

37- 

11 

1.5255 

33- 

17 

1,6316 

34- 

17 

1.5912 

35 - 

18 

1.6193 

36- 

18 

1.5952 

37- 

19 

1.S452 

38- 

19 

1 5997 

39- 

20 

1.6350 

40- 

20 

1.6094 

41 - 

21 

1.5020 


ATOM 
0 - SI 


AT TIME 
(ANGSTROM) 


(KS) 
0 - SI 


1 - 

2 

1.5914 

2 - 

84 

1.6149 

3- 

3 

1.6158 

4- 

5 

1.5837 

5- 

4 

1.6121 

6- 

18 

1.6181 

7- 

49 

1.5875 

8- 

15 

1.6090 

9- 

1 

1.5555 





Tn+l"C<7} 


Tn+IT" 


BOND ANGLES AT SI ATOM 


SI 

- 0 

- SI 

(DbGKKh) 

1- 

1- 

2 

141.9792 

l- 

2- 

84 

141.6846 

2- 

3- 

3 

143.3545 

2- 

4- 


144.2273 

3- 

S- 

4 

141.0583 

3 

6- 

18 

143.0912 

4- 

7- 

49 

142.8356 

4- 

B- 

15 

142.2639 

5- 

9- 

6 

144.0091 

5- 

10- 

83 

141.1559 

6- 

11- 

7 

143. 1985 

6- 

12- 

9 

143.4654 

7- 

13 

8 

142.7547 

7- 

14- 

22 

143.7993 

8- 

15- 

53 

143.7927 

3- 

16- 

8 

142.6664 

9- 

17- 

10 

I42.U174 

9- 

18- 

92 

143.2893 

10- 

19- 

11 

143.0853 

10- 

20- 

13 

140.8887 

11- 

21. 

12 

142.X522 

II- 

22- 

26 

143.96R9 

12- 

23- 

57 

142.1776 

7- 

24- 

12 

142.7455 

13- 

25- 

14 

142.4813 

13- 

26- 

96 

141.4551 

14- 

27- 

15 

143. 1551 

1- 

28- 

14 

14X8827 






0 - 

Sl 

1- 
2- 

1 
1 

3- 

2 

4- 

2 

5- 

3 

6- 

3 

7- 

4 

8- 

4 

9- 

5 

10- 

5 

1 1- 

6 

12- 

6 

13- 

7 

14- 

7 

15- 

8 

10- 

8 

17- 

9 

18- 

9 

19- 

10 

20- 

10 

21- 

II 

22- 

11 

23- 

12 

24- 

7 


[01 17] 


imi is] 
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fflJH 1 ! 1-1 76906 


[04 6] 


tmp-PbTiC>3 

cartesian coordinates 
7.3 6991773809233E * 00 
3. 684 92 904917006E400 
1.B5344324959821E-05 
6. 37215603348B13E-05 
3.68493242800013E >00 


(bohr > 

3 . 6850383O556782E+00 
7.3699D675500488E+00 
1.45452209340920E-05 
7.36992O81267651E+00 
3. 684 91260288479E+00 


Cartesian forces [hart/bohr); ma*,rna- 1.437 
-1. 809 40035404 ?06E 04 -2 . 075373732 11315E-04 
2. 56880079450442E-O4 4 . 0788BS91617262E-05 
2. 24 243540544 528E 05 1 . 10425697382921E-04 
2 24118747243653E-04 -2 . 118556861 101S7E-0S 
1.25754349142964E 04 7 . 75083852776827E-05 


1 .36999 0 107 C387 9E*00 

7 .3699B965539427E+00 

3.401 4 70194 34 692E+00 

3.51659109214652E-05 

3.96842529600134E+00 
67E-02 4.51782E-03 (unfixed atoms] 
-2.04964454194 065E-0 3 
-2.14973113771572E-0 3 
-6.935B5136915477E-04 
-9.48369575837913E-03 

2.4376656574951OE-02 


Cartesian coordinates 
7.3 697367980569?E+00 
3. 68518592924951E+00 
4.09587865S04 34 9E-05 

-1. 6039718690B771E-04 
3, 6 8505818234 92 7E+00 

Cartesian forces (hart 

-1. 6189561736662 7E-05 
7.34168075079671E-05 

-2.24275552232517E-05 
1.06415727261410E-04 

-1. 41215417B09463E 04 


(bohr) 
3. 6848307 681 9461E+00 
7 .369947543864O4E+00 
1.24970918317013E-04 
7 .36989962710790E+00 
3. 6849901 U27006E+00 
/bohr); max,nos- 8.346C 
3.0 92558B30B7OO9E-06 
i,12756648306686E-04 - 
-2 .41956035453473E-05 - 
-2.44OO70B3322998E-05 
-6.72528952599095E-05 


7.3679404624968SE+00 
7.36783992425656E+00 
3.4OO77 660 921OO1E+0 0 
9.44B52984745766E-03 
3.98280195257629E<00 
5E-03 2.45956K-D3 (unfixod atoms) 
1. 19915787731153E-03 
1.10022284067273E-03 
3.24637418523411E-03 
2.8OO29696512406E-G3 
8.346D5186834244E-03 


Cartesian coordinates 
7.36967174041861E+D0 
3 . 68537 94 9760 62 OE+00 

-1. 16727938556601E-O8 
1 . 281297612 98 314B-05 
3 . 68479743192 721E+00 


(bohr) 
3.68479961773717E+00 
7 .37O181161833O4E+00 
9.62925456708003E-05 
7.3 69846B4725815E+00 
3. 684869101 98090E+00 


Coctesian forces (hart/bohr); max,rros- 7.Z06C 

1 .2885D801532736E-04 7 . 06412663085704E-05 
-1 . 5 8 0128613690 S4E-D4 -1 . 7 4 164 668147 622E-0 4 
7 08585971568290E-O5 5 . 67O21OB5975686E-06 
-1 .73598433456127E-04 8 . 43701157472 647E-0S 
1 .31901896135616E-O4 i . 34 830752320297E-05 


7.36516510152?.24E»Q0 
7.36524508710990EIOQ 
3 . 394 1370 5673712EV0O 
1.67751205094Z5BE 02 
4 .002 13 82 938324 IE »00 
2t-03 2.08967t;-03 (unfixed atoms) 
1. 502 954 5958584 3E 03 
1 .4 695650 5541997E 0 3 
2.28610955944484E-03 
1.94739350275452E-03 
7.20602271347777E-03 


cartesian uoordinates 
7.37021318634145E+00 
3. 68506431 084086E+00 
3.3928 6295583846E-04 
^6. 8 4291357691 068E-04 
3. 68492897913S16E-+00 
Cartesian forces (hart 
-1. 541490774B2324E-04 
4 . 19B84602629664E-04 
-2. 41608460357061E-05 
-1.73065113649408E-04 
-6.BS0956546222S2E-OS 


(bohr) 

3.68505926267177E+00 
7.36978023696826E+00 
9.97498200751742E-0S 
7.3702168B700809E+00 
3.68463688468677B+0O 
/bohr); max, rn$ c 1.405 
1 .38672668831043E-04 
1 .54548773067693E-04 
2.57753B3833O758E-05 
3.18303354074471E-05 
4 .17296150038733E-05 


7.34658602343312E->00 

7. 3473583904884 3E+0C 

3.35993819043655E+00 

5. 4926415583858 5E-02 

4 .11095422991600E+00 
52E-02 5.32522R-D3 lunfixed atoms) 

2 .4467712051663DE-03 

2.3649644500384DE 03 
-5 .075900 9 60949 2 IE -03 

1 .40552397966281E-0? 
-1.37910744908B36E 02 


bravais fnatrix for conventional uflit cell in /.nystroms is; 


al 
3.90000 
0.00000 
0.00000 


a2 
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0.00000 


a3 

O.OOOOO 
0 .00000 
4 .20000 


forre- 5-3252E-03 > toleranca ftoler- 2.0O0OE-03 hart/bohr (unfixed atoms) 
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